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ynacTHHKM  n  opraHM3aTopbi  KOHtpepeHMMH 
Bbipa>KaK)T  6naroflapHocTb 
3a  noAAepwxy 


♦  /l,enapTaMeHTy  skohomhkh  MeTajiJiyprn- 
necKoro  KOMnjieKca  MHHHCTepcTBa  sko- 
HOMHKM  PO 

♦  Pocchhckoh  AicaaeMHH  EcTecTBeHHbix 
HayK 

♦  Pocchhckoh  HHaceHepHofl  Akuicmhh, 


a  TaK»:e 


EBPOIIEHCKOMY  OOHCY  BBC  CIUA 
no  A3POKOCMHHECKHM 
HCCJIE/LOBAHHflM 
HPA3PABOTKAM  (EOARD) 


OOHCY  CILIA  no  HCCJIEAOBAHHflM 
AJ IH  BMC  B  EBPOnE 


YBATKAEMblE  ^AMBI  H  TOCnO^A! 


LI  paa  npHBeTCTBOBaTb  yqacTHHKOB  KOH(J)epeH- 
Uhh  "PeHHH,  Moan6aeH,  BOJib(j)paM  -  nepcneKTHBbi 
npoH3BOflCTBa  h  npoMbiuijieHHoro  npHMeHeHHa",  Ha 
KOTOpOH  6yayT  oocyacaeHbi  npo6jieMbi,  cBH3aHHbie  c 
paciiiHpeHHeM  cbipbeBbix  hctohhhkob  peHHa,  mo- 
jiH6fleHa  h  BOJibijjpaMa,  paccMOTpeHbi  TexHOJiorHH 
HX  H3BJie4eHHfl  B  TOBapHbie  (J)OpMbI  (MeTaJUlbl  H  co- 
eflHHeHHa),  TexHOJiorHH  npOH3BOflCTBa  KOHCTpyKUH- 
OHHbix  MaTepHajioB  h  cnjiaBOB,  a  TaKace  KaiajiH3a- 
TOpOB  flJIH  XHMHHeCKHX  peaKIJHH  Ha  OCHOBe  3THX 
MeTajuioB;  HOBbie  o6jiacTH  h  nepcneKTHBbi  ncnojib- 
30BaHHH. 

THHUBeTMeT  -  OflHH  H3  Opr3HH3aTOpOB  KOH(j)e- 
peHUHH,  HBJiaeTCH  OCHOBOnOJIOXCHHKOM  OTeneCTBeH- 
hoh  MeTajuiyprHHecKOH  HayKH  b  oSnacra  uBerabix 
MeTajuioB.  B  1998  rosy  HHCTHTyT  6yaeT  npa3flHO- 
BaTb  CBoe  80-jieTHe.  IIo  HauiHM  TexHOJiorHaM,  pa3- 
paSoTaHHbiM  cneuHajiHcraMH  rnHUBeTMeia,  pa6o- 
TaiOT  6ojibuiHHCTBO  o6oraTHTejibHbix  (JiaOpHK  H 
3aBOflOB  HBeTHofl  MeTajuiyprHH  Pocchh  H  CTpaH 
CHr.  B  nocjieAHHe  roflbi  HHCTHTyT  yaejiaeT  6ojibuioe 
BHHMBHHe  npOH3BOflCTBy  npHOpHTeTHbIX  H  KOHCT- 
pyKUHOHHbix  MeTajinoB. " 

/IpyrHM  opraHH3aTopoM  KOHiepeHUHH  aBJiaeTca 
acypHaji  "IjBeTHbie  MeTajuibi".  LKypHaji  cymecTByeT 
yace  70jieT,  luhpoko  H3BecTeH  xax  b  Pocchh,  Tax  h  3a 
py6ea<0M.  Bonee  20  jieT  acypHan  H3flaeTca  Ha  aHr- 
jihhckom  a3bixe  h  pacnpocipaHaeTca  H3aaTejibCTBOM 
"Allerton  Press",  CILIA.  YneHbie  THHUBeTMeTa  Tec- 
ho  coTpyflHHMaroT  c  acypHanoM,  ny6nHKyioT  Ha  ero 
CTpaHHyax  HOBeHinne  pa3pa6oTKH  h  pa6oTaiOT  b 
peflKOJUierHH  acypHana. 

EojibiuoH  BKJiaa  b  ycnex  Hauieii  KOHiJiepeHLiHH 
BHecjiH  EBponeiicKHH  otpHc  BBC  CUIA  no  aapoKOC- 
MHHeCKHM  HCCJieflOBaHH8M  H  pa3pa6oTKaM  H  Ot|)HC 

CILIA  no  HCCJieflOBaHHBM  ajis  BMC  b  EBpone,  3a 
HTO  a  XOTeJI  6bl  Bbipa3HTb  HM  npH3HaTej!bH0CTb  H 
6jiaroaapHOCTb. 

TKeaaio  ynacraHKaM  KOHtJiepeHUHH  nnoaoTBop- 
hoh  h  ycneuiHOH  pa6oTbi,  HaaeeMca,  hto  KOH^epeH- 
pna  nocjiyacHT  ycTaHOBneHHK)  AenoBbix  koht3ktob 
yHeHbIX  H  npOH3BOflCTBeHHHKOB  C  nOTeHHHaJIbHbIMH 
HHBeCTOpaMH. 


AHflpeii  TapacoB 
reHepanbHbiH  AHpeKTop 

THIL  PO  'THHUBeTMer', 
aKafleMHK  MeacAyHapoAHoii  h 
POCCHHCKOH  HHaCeHepHbIX, 
aKafleMHH,  fl.T.H.,  I-H3aM. 
niaBHoro  peaaKTopa  acypHana 
"IXBeTHbie  MeTajuibi" 
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MOJin6aeHOBbix  HarpeBaTejiefi  c  3aiuHTHbiMH 

nOKpblTHSMH 

lO.A.BacaHOB,  T.M.Bopohhh,  A.H.EpeMHHa, 

B. B.Kohokothh,  A.B.Ky3HeqoB,  E.B.CnBaKOBa..  46 

CnjiaBbi  Ha  ochobc  MOjm6,aeHa  6e3  ncncpbiTHH 
H  C  flOKpblTHflMH,  npHMeHeHHe  HX  B  HapOflHOM 


X03«HCTBe  H  nepeneKTHBbI  pa3BHTHa 
r.M.BopoHHH,  E.B.CHBaKOBa .  47 

npHHUHnbl  C03flaHHH  CnJiaBOB  Ha  OCHOBe 
BOJib<J>paMa 

K.E.IIoBapoBa .  48 

BbicoKOHHCTbie  MOHOKpHcrajuibi  BOJib4)paMa 
h  MOJin6fleHa 

r.C.BypxaHOB .  48 


PeHHeBbie  KatajiH3aTopbi  b  npoueccax  pmjiop- 
MHHra,  MeTaTe3Hca  h  nepcneKTHBbi  hx  ncnojib- 
30BaHH8 

M.A.PameHueBa .  49 

CoBepuieHCTBOBaHHe  xexHOJiorHH  h  nepcneKTHBbi 
pa3BHTna  npoH3BOflCTBa  H3flejiHH  H3  TyronnaBKHX 


MeTajuiOB 

H.r.Po6epoB,  n.A.KopHarHH .  50 

TexHonorHH  no  npoH3BOflCTBy  npoayKUHH  c  hc- 
nojib30BaHHeM  MeTajuinnecKoro  peHHa 

A. A.CeMHH,  C.B.CTenaHOB,  E.A.IOahh, 

B. C.UIhjikhh .  50 
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CTp. 


Pa3pa6oTKa  h  BHenpeHMe  ckbo3hoh  tcxho- 
jiorHH  npoH3BOflCTBa  BOjibtjjpaMOBoii  npo- 
BOJIOKH  H3  UieejlHTOBOrO  KOHLieHTpaTa 
(b  tom  HHCJie  co3flaHHe  hoboto  noKOJieHHH 
BOJioHHJibHoro  o6opyflOBaHH») 

3.A.IlHpMaT0B,  B.B.roHnapoBa, 

B.B.XanaapOB .  51 

HoBbie  TexHOJiorHH  nojiyneHMa  nepcneKTHB- 
Hbix  TyronjiaBKHX  KOMno3HUHH  Ha  ocHOBe 
BOJibiJjpaMa 

A.<l).ny3psiKOB,  H.K.IlpoKoneHKo, 


H.n.CoKOJiOB .  52 

Onpe,nejieHHe  peHHH  b  cnjiaBax  mctoaom 
3JieKTpoHHoro  napaMarHHTHoro  pe30HaHca 
JI.B.EopHCOBa,  K).H.^y6poB .  52 

MeTOflbl  "MSTKOH  XHMHh"  B  TeXHOJIOTHH 
nonyneHMa  MaTepHajioB  Ha  ocHOBe  peHHa, 
MOJiH6AeHa  h  BOJibtJipaMa 

^.B.i5po6oT,  r.A.CeHceH6aeBa,  B.r.Keccjiep..  53 


Bo3mo>khocth  BbicoKOTeMnepaTypHoro 
rajibBaHonjiacTHnecKoro  MeTojia  h3totob- 
jieHHa  H3flejiHH  H3  peHHa  h  MOJinSneHa 
O.H.BHHorpa,noB->Ka6poB,  A.M.MojinaHoB, 
JI.M.Mhhhchko,  M.O.Bojikob,  r.A.IlaHOB, 
B.A.Me)KyeB,  r.r.IloTocKaeB,  B.H.KanaHTbipb, 
B.C.KypcKOB .  54 

TexHOJiorHHecKHe  acneKTbi  nojiyneHHH  njieHOK, 


cnjiaBOB,  coeflHHeHHH  h  MeTajuioB  rpynnbi 
BOJIb(|)paM,  peHHH  H  MOJIH6fleH  ,hjih  MHKpO- 
3JieKTpOHHKH 

H.IO.IOcHnoB .  55 

HaHeceHHe  noKpbiTHH  H3  ruiaraHOBbix  MeTaji- 
jiob  Ha  TyroimaBKHe  MeTajuibi  c  noMOipbio 
JieTyHHX  <|)TOpHflOB 

3.r.PaKOB,  M.H.Hhkhthh .  55 


HccneaoBaHHe  h  MoaejiHpoBaHHe 
B3aHMOfleHCTBH»  3JieMeHTOB  B  CJlOHCTbIX 
K0Mn03HUH0HHbIX  MaTepHaJiaX  Ha  OCHOBe 
TyronjiaBKHX  MeTajuioB 

E.M.CjnocapeHKo .  56 
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crp. 


HaHOKpHCTajiJiHHecKoe  TepMHHecKoe 
ynpoHHeHHe  TBepflbix  cruiaBOB  BK  c 
MOflH(})HUHpOBaHHeM  nOBepXHOCTH  SiC 
A.H.HexoBoH,  B.M.Ewhkob .  57 

IIojiyMeHHe  nOJIH-  H  MOHOKpHCTajIJIHHeCKHX 
BOJIb(j)paMOBbIX  H3fleJIHH  3JieKTp0JIH30M 
pacnjiaBjieHHbix  cojieft 

A. M.MojmaHOB,  H.O.EcnHa, 

O.H.BHHorpaaoB-5Ka6poB .  57 

OnpefleneHHe  <j>a30Bbix  paBHOBecHH 
b  CHCTeMe  Ni-V-Nb-Ta-Cr-Mo-W 
npH  1375  K 

E.M.Cj^iocapeHKO^IO.KepHMOB, 

B. M.Co(J)bHH,  A.E.HacTyxHH .  58 
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I  CEKIJHJI 

CLIPbE  H  OEOrAIHEHHE 


PA3PAEOTKA  H  3KCIUIYATAJUHJI 
3KCTPAKIJHOHHOrO  nPOIIECCA 
H3BJIEHEHHH  PEHHfl  H3  YPAHOBBIX  PYfl 
HABOHHCKOrO  rMK 

H.M.MemepaKOB 

BcepOCCHHCKHH  HayHHO-HCCJieflOBaTeJIbCKHH 
HHCTHTyT  XHMHHeCKOH  TeXHOAOTHH,  MoCKBa 

Pa3BHTHe  rHflpoMeTajuiyprHHecKHx  mctoaob  ne- 
pepa6oTKH  ypaHOBbix  pyA  b  70-80-x  roaax  npHBeno 
K  C03flaHHIO  HOBbIX  TCXHOAOrHH  KOMIUieKCHOrO  HC- 
nOJIb30BaHHfl  Cbipbfl. 

Jinn  H3BJieMeHHs  peHHa  H3  ypaHOBbix  pyA  h  pac- 
TBopoB  noA3eMHoro  BbiinejiaMHBaHHa  ypaHa  Ha  Ha- 
bohhckom  TMK  pa3pa6oTaHa  opHTHHaAbHaa  TexHo- 
jiorHHecKaa  cxeMa  h  HecTaHAapraoe  3KCTpaKUHOH- 
Hoe  o6opyAOBaHHe,  no3BonaiomHe  cejieKTHBHO  H3- 
BJieKaTb  peHHH  H3  paCTBOpOB  C  COflepJKaHHeM  ot  0,1 
AO  0,3  Mr/A.  TexHOAorna  BKAionaeT  npoqeccbi  ce- 
AeKTHBHOH  pe3KCTpaKUHH  peHHa  H3  3KCTpaKUHOHHOH 
CMecH  ocHOBHoro  ypaHOBoro  npoH3BOACTBa  c  no- 
CAeAyiOIAHM  3KCTpaKUHOHHbIM  KOHUeHTpnpOBaHHeM 
h  OTAeAeHHeM  ot  ypaHa  h  MOAH6AeHa.  floAyHeHHbie 
■icpnoBbie  KpncTaAAbi  neppeHaTa  aMMOnna  noABep- 
raK)T  ABOHHOH  nepeKpHCTaAAH3at(HH  C  npOMbIBKOH 
3THAOBbIM  CnHpTOM.  ElpHMeHeHHe  3AeKTpOAH3AH3a 
oOecnenHAO  HHCTory  KpHcranAOB  neppeHaTa  aM- 
MOHH8  MapKHAP-O. 

MomHOCTb  ycTaHOBKH  no3BOAaeT  noAynaTb  ot 
1,5  ao  2,0  tohh  neppeHaTa  aMMOHHa  b  toa,  b  33bh- 
chmocth  ot  coAepacaHHa  peHHa  B  ypaHOBOM  Cbipbe, 
nocTynaiomeM  Ha  rnApoMeTaAJiyprn4ecKHH  3aBOA- 
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nPOEJIEMLI  IIEPEPAEOTKH 
nEPCIIEKTHBHOrO  PEHHH- 
CO^JEPHCAHJErO  HETPAJUmHOHHOrO 
CBIPBfl 

A.M.HeKMapeB,  H.^.TpouiKHHa,  Jl.r.IIeTpoB, 
KD.A.KpecoBa 

PoCCHHCKHH  XHMHKO-TeXHOJIOrHHeCKHH  yHHBepCHTeT 

HM.J]|.H.MeHAejieeBa,  MocKBa 

PaccMOTpeHbi  rHflpoMeTajuiyprHHecKHe  cnoco6bi 
H3BJieHeHH«  peHHH  H3  npOMnpOflyKTOB  H  OTXOflOB, 
o6pa3yiomHxcfl  npH  KOMnneKCHOH  nepepa6oTKe 
HeKOTOpbIX  BHflOB  nepCneKTHBHOrO  HeTpaflHUHOH- 
Horo  CbipbH  (OTpaGOTaHHOH  npOMbIBHOH  CepHOH 
KHCJIOTbl,  CTOHHbIX  H  o6opOTHbIX  BOfl,  CJIHBOB  Cry- 
CTHTejieH,  yrjiepoflCOAepa(aiuero  cbipba  -  6HTyMH- 
H03HbIX  TOpiOHHX  CJiaHIjeB,  BbICOKOB»3KHX  He(J)TeH  H 
npHpOflHbIX  6HTyMOB,  TBepflbIX  6HTyMOB). 

Pa3pa6oTaHbi  h  c  nojioacHTejibHbiM  pe3yjibTaTOM 
HcnbiTaHbi  Ha  peajibHbix  npoayxTax  npHHUHnnajib- 
Hbie  TexHOJiornHecKHe  cxeMbi  H3BJieneHna  peHHa  H3 
3THX  CbipbeBbIX  HCTOHHHKOB. 


ByjIKAHHHECKHE  TA3M  -  HOBBIH 
cbipbeboH  HCTOHHHK  PEHHB 

<D.H.IIIaflepMaH,  A.A.KpeMeHeuKHH 

HHCTHTyT  MHHepaJlOrHH,  reOXHMHH  H  KpHCTaJUIOXH- 
MHH  peflKHX  3JieMeHTOB,  MocKBa 
Ha  ripHMepe  ByjiKaHa  Ky^paBbiH  (o.  HTypyn, 
KypHJibCKHe  o-Ba)  opeHeHbi  pecypcbi  Re  b  hobom 
CbipbeBOM  HCTOHHHKe  peflKHX  MeTajlJIOB  -  ByjIK3HH- 
necKHx  ra30Bbix  Bbi6pocax.  Ohh  cocTaBJiaioT  n-10 
TOHH/rOfl  H  npeflCTaBJIHIOT  60JIblU0H  npaKTHiecKHH 
HHTepec.  Pa3pa6oTaHa  TexHOJiorHa  n3BJieneHna  Re  h 
conyTCTByromnx  peflKHX  MeTajuiOB  (In,  Ge,  Bi  h 
ap.),  Hcnojib3yiomaH  noniomeHHe  MeTajuiOB  H3  ra- 
30B0H  (j)a3bl  npnpOflHblMH  MHHepajIbHbIMH  cop6eH- 
TaMH,  BbinojiHeHa  ee  onepeacaiomaa  3KOHOMHHecKaa 
opeHKa,  KOTopaa  noKa3ajia  B03M0)KH0CTb  aocTHace- 
HHa  BbICOKOH  3KOHOMHHCCKOH  3(J)(J)eKTHBHOCTH  npO- 
H3BO,ZlCTBa. 
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IlpHBefleHbi  aaHHbie  o  coaepjKaHHH  peHHa  h  flpy- 
thx  peflKHX  MeTaji'jioB  b  ra30Bbix  Bbi6pocax  ByjiKa- 
hob  MHpa.  06cy>KfleHbi  nepcneKTHBbi  Hcnojib30Ba- 
HHfl  HOBOrO  HCTOHHHKa  peflKOMeTaJIbHOTO  Cbipba. 


o  nonyTHOM  h3bjiehehhh  pehhh  npn 

nOfl3EMHOM  BMI1JEJIAHHBAHHH  (IIB) 
yPAHA 

B.B.Kpotkob,  KD.B.HecTepoB,  JI.H.Py3HH, 
M.O.IIIepeMeTbeB 

AO  “ATOMpeflMeT30JiOTo”,  MocKBa 
BcepOCCHHCKHH  Hay 4HO-MCCJieflOBaTejIbCKMM 
HHCTHTyT  XHMHHeCKOH  TeXHOJIOrHH,  MocKBa 

Anpo6HpoBaHbi  3<})<})eKTHBHbie  3KCTpaKUHOHHaa 
h  cop6pHOHHaa  TexHOjiorHH  nonyTHoro  H3BjieHeHH» 
peHHa  H3  pacTBopoB  FIB  ypaHa,  coaep»amHX  0,1 -0,5 
Mr/flM3  Re. 

B  KanecTBe  3KCTpareHTa  Hcnojib30Banacb  CMecb 
TAA  h  TE<t>  b  pa36aBHTejie.  Cop6eHTaMH  cjiyacnjiH 
aHHOHHTbl  AM-n,  AMn  H  aKTHBHpOBaHHblH  yrojlb. 
Ii3BJieHeHHe  Re  H3  paCTBOpOB  aKTHBHpOBaHHbIM 
yraeM  cocTaBHJio  90-95%  npH  cTeneHH  ero  KOHyeH- 
TpHpoBaHHa  400-500. 

OjiionpoBaHHe  Re  c  bhhohhtob  npoBoaHjiocb 
paCTBOpaMH  H2SO4  B  pe*HMe  3KCTpaKUHOHHOH  fle- 
cop6yHH,  a  c  aKTHBHpoBaHHoro  yrjifl  -  aMMHaxoM  c 
nocjieayiomHM  KOHUeHTpnpoBaHneM  c  noMoipbio 
bm(|)ojihtob  BII-14KP  hjih  BIl-i8KP. 

ToTOBaa  npoflyKUHa  -  neppeHaT  aMMOHHa. 


nonyTHOE  H3Bjiehehhe  pehhh  iiph  iie- 

PEPABOTKE  MOJIHEAEHHTOBblX  H  MEfl- 
HO-HHKEJIEBB.IX  KOHHEHTPATOB  C  nO- 
MOIULK)  CEJIEKTHBHBIX  HOHHTOB 

A.A.Bjioxhh,  A.A.KonwpHH 

CaHKT-IleTep6yprcKHH  rocyaapcTBeHHbiH  TexHono- 
THHeCKHH  HHCTHTyT 


IlpH  nepepa6oTKe  MOJiH6fleHHTOBbix  KOHpeHTpa- 
tob  no  a30THOKHCJiOTHOH  cxeMe  coaepm-aiHHHca  b 
HHX  peHHH  KOHlieHTpnpyeTCa  B  HHTpaTHO- 
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cyjib(J>aTHbix  MaTOHHbix  pacTBopax,  a  npH  nepepa- 
6oTKe  MeaHO-HHkejieBbix  KOHpeHTpaTOB  no  nnpoMe- 
TajuiyprHMecKOH  TexHOJiornn  -  b  npoMbiBHOH  cepHOH 
KHCJIOTe  CHCTeM  MOKpOH  ra300HHCTKH.  H3yHCHbI 
H36HpaTenbHbie  CBOHCTBa  no  oTHouieHHio  k  peHHio 
pa3JIH4HbIX  CHJIbHO-  H  CJia6oOCHOBHbIX  aHHOHHTOB 
rejieBOH  h  nopncTon  cTpyKTypbi  npn  cop6pHH  ero  H3 
yKa3aHHbIX  paCTBOpOB.  BbiaBJieH  CJia6oOCHOBHbIH 
aHHOHHT,  He  ycTynaromHH  no  H36HpaTejibHOCTH  k 
peHHIO  H  eMKOCTHbIM  XapaKTepHCTHKBM  JiyHIIlHM 
CHJibHoocHOBHbiM  aHHOHHTaM,  h  npn  3tom  pereHe- 
pnpyeMbin  pacTBOpaMH  aMMnaxa.  IloKa3aHa  B03- 
MOXHOCTb  ero  Hcnojib30BaHH«  an  a  rny6oKoro  H3- 
BneneHHa  peHHa  H3  cepHOKHcnoTHbix  h  a30TH0- 
CepHOKHCJIOTHblX  MOJTH6fleHCOaep>KamHX  paCTBOpOB. 


COBEPUIEHCTBOBAHHE  TEXHOJIOrHH 
OBOrAIHEHHfl  MEAHO-MOJIHBAEHOBMX 
Py  MECTOPOHC^EHUJI 
“3Pfl3H3THftH-OBOO” 

C.^aBaaHaM,  H.III.CaTaeB,  )K.EaaTapxyy, 
A.M.^ecflTOB*,  M.H.XepcoHCKHH* 

CoBMecTHoe  npeanpHarae  “3pfl3H3T”,  MoHronHa 
THLl  P<T>  rocyaapcTBeHHbiH  HaynHo- 
HCCJieaOBaTeJIbCKHH  HHCTHTyT 
UBeTHbIX  MeTajUIOB  ‘THHUBeTMeT”,  MoCKBa 

EaceroaHbin  o6beM  npoH3BoacTBa  MOJin6aeHa  Ha 
Cn  “3paaH3T”  cocTaBJiaeT  2  tmc.tohh.  TexHonorn- 
necKaa  cxeMa  nepepa6oTKH  pya  Ha  o6orarmejibHOH 
(j)a6pHKe  BKjnoHaeT  KonneKTHBHbiH  uhkji  tjuiOTapHH 
c  nojiyneHHeM  MeaHO-MOJiH6aeHOBo-nHpHTHoro 
npoayKTa,  ero  OKHcnHTenbHyio  nponapxy  (nocne 
crymeHHa)  b  H3bcctkoboh  cpeae  npn  TeMnepaType 
80-90°C  b  TeneHHe  60-90  mhh,  (JuioTapHio  MOJin6ae- 
hhtb  nocne  otmwbkh,  aoBoaxy  neHHoro  npoayKTa 
MOJiH6aeHOBOH  (jrnoTauHH  c  npHMeHeHHeM  cepHH- 
CToro  HaTpHa  (8  nepenncTOK),  (JuiOTapHio  MHHepa- 
jiob  Mean  H3  KaMepHoro  npoayKTa  KOHTponbHOH 
MonH6aeHOBOH  (JuioTaqnH  npn  aenpeccnw  nnpHTa 
H3BeCTbI0. 

IIpHHaTaa  cxeMa  o6ecneHHBaeT  nonyneHHe  naa- 
HOBbix  TexHOJiorHMecKHX  noKa3aTenen  npH  othoch- 
TejibHOM  coaepacaHHH  MeaH  b  BHae  nepBHHHbix 
cynb(J)HaoB  He  6onee  40%.  B  cootb6tctbhh  c  nnaHOM 
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ropHbix  pa6oT  b  GjiHacaHiune  roabi  o>Knztaexca  yBe- 
JlHHeHHC  flOJIH  nepBHMHbIX  pya,  B  CBA3H  C  HeM  Ha 
KOM6HHaTe  npoBOflflTca  nccaeaoBaHMa  no  coBep- 
uieHCTBOBaHHK)  TexHOJiorHH  hx  nepepa6oTKH. 

JIa6opaTopHbiMH  h  nojiynpoMbiuuieHHbiMH  hc- 
nbiTaHHAMH  Ha  paae  npo6  pyabi  noKa3aHa  bo3mo>k- 
HocTb  nojiyneHHa  6oraTbix  no  Mean  MeaHO- 
MOJIH6fleHOBbIX  KOHUeHTpaTOB  B  UHKJie  KOJIJieKTHB- 
hoh  4>noTauHH  c  npHMeHeHneM  cejieKTHBHbix  no 
OTHOineHHK)  k  nnpHTy  co6HpaTejieH  (H3onpo- 
nHJiOBbiH  aapotJmoT,  S-703)  bmccto  6yrajiOBoro 
KcaHToreHaTa. 

B  HacToaiyee  BpeMa  HaaaTbi  noaroTOBHTeabHbie 
pa6oTbi  k  npoBeaeHHio  npoMbiuuieHHbix  HcnbiTaHHH 
pa3pa6oTaHHoft  TexHOJiorHH  Ha  oahoh  H3  cckuhh 
(J)a6pHKH. 


riEPCnEKTHBLI  nPHMEHEHHH  MEM- 
BPAHHBIX  METO^OB  JUISI I1EPEPABOTKH 
pehhKco^eptkaluhx  PACTBOPOB 

H.^.TpouiKHHa,  A.M.^eKMapeB,  A.E.MaH6opoaa, 
^.r.neTpoB,  B.O.MajibixHH 

POCCHHCKHH  XHMHKO-TeXHOJIOrHHCCKHH  yHHBepCHTeT 
HM./I.H.MeHflejieeBa,  MocKBa 
>Ke3Ka3raH  PeaMeT,  Pecny6jiHKa  Ka3axcTaH 

Jl JI»  CejieKTHBHOrO  H3BJie4eHH»  H  KOHyeHTpHpO- 
BaHHH  peHHS  H3  CJIOXCHblX  MHOrOKOMnOHeHTHbIX 
CHCTeM  onpo6oBaHbi  MeM6paHHbie  Meroabi,  b  qacT- 
hocth,  MeTOfl  KOMnjieKcoo6pa30BaHHa  -  yjibTpa- 
4>HJIbTpaUHH  (KOYO),  OCHOBaHHblH  Ha  BBefleHHH  B 
pacTBop  nojiH3JieKTpoJiHTa  (113),  o6pa3yiomero 
KOMnjieKC  c  qejieBbiM  KOMnoHeHTOM,  h  nocjieayioiqeH 
ero  yjibTpa(j)HBbTpaqHH,  IIpeaBapHTeabHO  H3y4eHa 
arperaTHBHaa  ycroHHHBOCTb  113  b  BOflHbix  CHCTeMax 
npw  BBe^eHHH  aHHOHOB.  OnpeaeaeHbi  KOHqeHTpaqHH 
aHHOHOB,  npw  KOTopbix  113  HaaHHaeT  KoaryjiHpo- 
BaTb.  H3yqeHO  BjiHaHHe  bhciuhhx  (JiaKTopoB-pH 
cpeflbi,  cooTHonieHHe  113  k  neppeHaT-HOHy,  noBeae- 
HHe  npHMeceH  Ha  paaaeaHTeabHbie  xapaKTepHCTHKH 
npoqecca  KOYO.  OnpeaeaeHbi  pexcuMbi  pereHepa- 
Uhh  113.  H3yMeH0  BanaHHe  nucaa  uhiuiob  H3BJie4e- 
HHe-pereHepauHa  Ha  CTeneHb  n3BaeneHna  peHHa. 
Pa3pa6oTaHbi  h  c  noao>KHTeabHbiM  3<})(j>eKT0M  Hcnw- 
TaHbi  npHHunnHajibHbie  TexHoaoranecKHe  cxeMbi 
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H3BJieHeHHH  peHHa  H3  CTOHHblX  H  o6opOTHbIX  BOA,  a 
Tanace  cjihbob  crycTHTenen  A»yx  npeanpHSTHH. 


nmPOMETAJIJiyPrHHECKOE  H3BJIEHEHHE 
PEHHLH  H  MOJIHEflEHA  H3  TEXHOIEIIUOIO 
CtIPbfl 

A.r.XojiMoropoB,  O.n.KajiaKHHa,  O.H.KoHOHOBa, 
C.B.KaHHH 

KpacHoapcKHH  rocyaapcTBeHHbiH  yHHBepcHTeT 
HHCTHTyT  XHMHH  H  XHMHAeCKOH  TeXHOAOTHH 
CO  PAH,  KpacHoapcK 

HccAeflOBaHbi  TexHonorHHecKHe  npopeccbi  cop6- 
UHOHHOrO  KOHpeHTpHpOBaHHa  peHHa  Ha  aHHOHHTaX 
HenopHCTofi  h  nopwcTOH  CTpyKTypbi  c  reTepouHKJiH- 
HeCKHMH  aMHHaMH  H  H3BAeHeHHa  MOJIn6AeHa  Ha 
aHHOHHTaX  MaKpOnOpHCTOH  CTpyKTypbi  Ha  OCHOBe 
COnOAHMepOB  C  AHHHHOUenOHHblMH  CUIHBaiOmHMH 
areHTaMH  h  noAHaMHHOB,  KOTopbie  uiHpoKO  anpo- 
GHpoBaHbi  Ha  npoMbiuiAeHHbix  pacTBopax  c  pa3AHH- 
HblM  COAeBbIM  (JiOHOM  C  nOAyHeHHeM  HHCTblX  COAefi 
peHHa  h  MOAH6aeHa.  Ahhohhth  MapoK  AH-82,  AH- 
105,  AH- 106,  AH- 108  moscho  peKOMeHAOBaTb  Ana 
HcnoAb30BaHHa  npH  co3abhhh  npoMbiuiAeHHbix  yc- 
TaHOBOK  no  nepepa6oTKe  peHHH-MOAH6AeHOBoro 
BTOpHAHOTO  Cbipba  THApOMeTaAAypTHHeCKHMH  cno- 
co6aMH,  a  TaKace  npn  nepepa6oTKe  nepBHMHoro  mh- 
HepaAbHoro  cbipba  (b  tom  hhcac  Bonb(j>paMOBoro). 


nPO^YKTEI  BYJIKAHHHECKO0  flEHTEJIb- 
HOCTH  -  CMPbE  JXJISl  nPOH3BO^CTBA  PE- 
HHfl  H  flPyrUX  METAJIJIOB 

r.C.IIlTeHH6epr 

HHCTHTyT  ByAKAHOAOTHH  H  TeOflHHaMHKH, 
K)»(HO-CaxaAHHCK 

Pe3yAbTaTbi  cneuHaAbHbix  reoxHMHnecKHx,  xh- 
MHKO-TeXHOAOrHHeCKHX  H  reOAOTO-3KOHOMHHeCKHX 
HCCAeflOBaHHH  n03B0AHAH  060CH0BaTb  npHHUHnH- 
aAbHyiO  B03M0ACH0CTb  H3BAeHeHHa  peHHH  H  flpyTHX 
HeHHbIX  KOMnOHeHTOB  H3  npOflyKTOB  ByAKaHHHeCKOH 
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fleaTejibHOCTH  ByjiKaHa  KyapjiBbiH  Ha  ocTpoBe  Hry- 
pyn  (Kypnjibi).  CpeAHaa  KOHuempapHa  peHHa  b 
nOpOflaX  B  30HaX  (jjyMapOAbHOH  aKTHBHOCTH  paBHa 
30  t/t.  OflHOBpeMeHHO  onpeaejieHO  b  sthx  npoayK- 
Tax  23  KOMnoHeHTa,  b  tom  hhcjic  BnepBbie  -  La,  Sm, 
Ag  h  Au.  HccjieaoBaHHfl  no  BbiaBJieHHio  hobhx  3oh 
MHHepajiH3auHH  npoflOJDKaiOTCfl. 


H3y*IEHHE  nOBE^EHHJI  MOJIHEflEHA  H 

PEHH5I  nPH  IIEPEPABOTKE  CBHHEH- 
CO^EP/KAIHIIX  nPOMTIPO^YKTOB 

T.H.rpenBep,  E.3.CepreeBa,  T.H.BeprH30Ba, 
H.r.3afiueBa 

CaHKT-IIeTep6yprcKHH  rocyaapcTBeHHbiH  ropHbiH 
HHCTHTyT 

(TeXHHHeCKHH  yHHBepCHTeT) 

ripH  BOflHOM  BbimeJiaHHBaHHH  KOHBepTepHbIX 
nbuien  MeAHO-HHKeneBoro  npoH3BOACTBa  5-30%  Re  h 
25-40%  Mo  He  H3BJieKaiOTCA  h  ocTaioTca  b  CBHueu- 
coAepxcameM  Kexe.  UccjieflOBaHbi  3aKOHOMepHOcra 
noBeAeHHs  peaKHx  3JieMeHTOB  b  npopeccax  n3BjTene- 
HHfl  CBHHLja  XJIOpHAHbIMH  H  mejlOHHblMH  paCTBOpa- 
mh.  IloKa3aHa  B03M05KHOCTb  o6opoTa  menoHHbix 
pacTBopoB  c  HaKoruieHHeM  Mo.  flna  ycnoBHH  kom- 
6nHaTa  "CeBepoHHKejib"  npeAJioaceHa  cxeMa,  npeay- 
cMaTpHBaromaa  oGieAHHeHHe  pacTBopoB  boahoto  h 

menoHHoro  BbiipeAaHHBaHHa.  IIoKa3aHO,  mto  b  o6b- 
eAHHeHHbie  pacTBOpbi  H3BJieKaeTca  99-100%  Re  h  97- 
100%  Mo.  H3BAeneHHe  H3  pacTBopoB  Mo  h  Re  ocy- 
mecTBAaeTca  nyTeM  nocAeAOBHTeAbHOH  ceneKTHBHOH 
cop6pHH  Ha  aHHOHHTAX. 
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HOHOOEMEHHME  IIPOLIECCBI 
rJIYEOKOrO  PA3JIEJIEHHH  H  OMHCTKH 
MOJIHEAEHA  H  BOJIbOPAMA 

A.A.Bjioxhh,  A.A.KoribipHH,  3.A.IlHpMaT0B, 
H.C.AcaaoB 

CaHKT-IleTep6yprcKHH  rocyaapcTBeHHbiH 
TeXHOJIOrHqeCKHH  HHCTHTyT 
y36eKCKHH  KOM6HHaT  TyronjiaBKHX  H  >KapOnpOMHbIX 
MeTaimoB,  Hhpmhk 

Pa3paooTaHbi  h  BHeapeHbi  b  npoMbiuuieH- 
HOCTb  H0H006MeHHbie  npopeCCbl  OHHCTKH  KOHUeH- 
TpHpOBaHHblX  paCTBOpOB  MOJIn6flaTa  aMMOHHH  OT 
BOJTb(J)paMa  H  BOJIb(})paMaTa  aMMOHHH  OT  MOJlH6fle- 
Ha.  IlepBblH  H3  HHX  3aKJIIOHaeTCfl  B  KoppeKTHpoBKe 
napaMeipoB  hcxoahoto  pacTBopa  h  nocjieayromeM 
nponycKaHHH  ero  nepe3  KonoHHy  c  aHHOHHTOM,  ce- 
JieKTHBHO  COp6HpyK>mHM  BOJIbtjjpaM,  BTOpOH  -  B 
o6pa6oTKe  ncxoflHoro  pacTBopa  fl03npoBaHHbiMH 
KOJiHMecTBaMH  cyJibfJmjiHpyiomero  peareHTa  ajib 
nepeBOfla  MOjiH6fleHa  b  (JiopMy  THOKOMnaeKCOB  h 
nponycKaHHH  ero  nepe3  KOJioHHy  c  aHHOHHTOM,  ce- 
JieKTHBHO  COp6HpyiOmeM  THOKOMIlJieKCbl  MOJlH6ae- 
Ha.  IIpHMeHeHHe  pa3pa6oTaHHbix  npoueccoB  o6ec- 
ne^HBaeT  He  Menee,  neM  CTOKpaTHoe  CHHaceHHe  koh- 
peHTpauHH  yaajiaeMbix  KOMnoHeHTOB  b  pacTBopax  h 
nojiyneHHe  cooTBeTCTByioiuHx  cojieH  c  coaepacaHHeM 
npHMecefi  3jieMeHTOB-aHajioroB  n  (10  M0-3)  Mac.%. 


3KCTPAKI^HOHHbIE  METO^bl  IIEPEPA- 
BOTKH  TEXHOrEHHOrO  PEHHftCOflEP- 
acAmEro  cbiPbfl 

B.O.TpaBKHH,  H.E.HexopouieB 

FHU  P<I>  rocyaapcTBeHHbiH  HayqHO- 
HCCJieflOBaTeJIbCKHH  HHCTHTyT 
UBeTHbix  MeTajuiOB  ‘THHUBeTMex”,  MocKBa 


Ilpn  BbimeJiaHHBaHHH  TexHoreHHoro  peHHHeo- 
flepacamero  cbipbs  MoryT  6biTb  nojiyHeHbi  cojisho- 
KHCJIbie,  a30TH0KHCJIbie,  CepHOKHCJIbie  JIh6o  meJIOH- 
Hbie  pacTBopbi.  HanSojiee  3(J)(})eKTHBHbiM  MeTOflOM 
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cejieKTHBHoro  H3BJjeqeHHa  peHHa  H3  noflo6Hbix  pac- 
TBOpOB  ABJiaeTCfl  JKHflKOCTHaa  SKCTpaKUHfl. 

Ha  3KCTpaKUHK>  peHHfl  nOMHMO  npHpOflbl  op- 
raHHnecKoro  peareHTa  bjihsiot  KHCJiOTHOCTb  boahoh 
4>a3bi,  BajieHTHoe  cocroaHHe  peHHa,  npHpoqa  h  koh- 
peHTpauHH  BbicajiHBaTejia ,  a  TaioKe  npHpoqa  opra- 
HHMecKoro  pa36aBHTejia. 

^Jlfl  3KCTpaKUHH  peHHa  H3  CJia60KHCJlblX  BOfl- 
Hbix  pacTBopoB  (pH=2-i-3)  HaH6ojiee  penecoo6pa3Ho 
HCn0nb30BaHHe  TpeTHHHbIX  HJ1H  BTOpHHHblX  ajlH(J)a- 
THqeCKHX  aMHHOB. 

npOBefleHbl  HCnbITaHHa  SKCTpaKIJHOHHOH 
TexHOJiorHH  H3BJie4eHna  peHHa  H3  OTpa6oTaHHbix 
KaTajiH3aTOpoB  c  noJiyqeHHeM  MeTajuiH^ecKoro  pe¬ 
HHa  jih6o  neppeHaTa  aMMOHHa. 

PA3PAEOTKA  H  HCIILITAHHfl  TEXHOJIO- 
rilH  3KCTPAKH,HOHHOrO  H3BJIEHEHH5I 
PEHHfl  H3  PACTBOPOB  CyJII»OATH3AII,HH 
CBHHITOBMX  ntHIEfl 

r.K.KyjiMyxaMeflOB,  JI.M.KonaHeB, 
H.IO.OjieHTJIHX*,  r.JI.naiHKOB*,  A.H.XojIbKHH** 
AOOT  "HHCTHTyT  rHflpouBeTMeT",  Hoboch6hpck 
*HHCTHTyT  XHMHH  H  XHMHKO-MeTajUiyprHHeCKHX 
npoqeccoB  CO  PAH,  KpacHoapcx 
**HHCTHxyT  o6meii  h  HeopraHHMecKOH  xhmhh  PAH, 
MocKBa 

nPH  H3BJieqeHHH  peHHa  H3  cyjib4)aTHo- 
XJIOpHflHblX  pacTBopoB  CBHHUOBOrO  np0H3BOflCTBa 
JKHflKOCTHOH  SKCTpaKUHeH  TpHajIKHJiaMHHOM  (TAA) 
npoqecc  ocjioKHaeTca  H3-3a  coBMecTHoro  H3BJieqe- 
HHa  peHHa  h  KaqMHa. 

npe/icTaBJieHbi  pe3yjibTaTbi  pa3pa6oTKH  TexHO- 
jiorHH  H3BJieqeHHa  peHHa  H3  xjiopHflHO-cyjibtjmTHbix 
Ka/iMHeBhix  pacTBopoB,  o6pa3yiomHxca  npn  nepepa- 
6oTKe  cBHHuoBbix  nbuieft: 

-  HccjieqoBaHa  3KCTpaKuna  peHHa  h  KaaMHa  CMe- 
CaMH  TAA  C  pa3JIHMHbIMH  OpraHHHeCKHMH  KHCJlOTa- 
mh; 

-  onpeqejieH  onTHMajibHbin  cocTaB  3KCTpareHTa 
fljra  H3BJieqeHHa  peHHa; 

-  noKa3aHa  B03MO)KHOCTb  cejieKTHBHoro  pa3qejie- 
HHa  peHHa  h  KaaMHa  Ha  CTaqHH  pe3KCTpaKUHH; 
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npHBefleHbf  pe3yjibTaTbi  yicpynHeHHo- 
jia6opaTopHbix  h  3aBOjjCKnx  HcribiTaHHH  TexHOJiorHH 
npHMeHHTejibHO  k  npopeccy  nepepa6oTKH  arjionbi- 
JieH  HHMKeHTCKOrO  CBHHUOBOrO  3aBOfla. 

TexHOJiorHa  3anaTeHTOBaHa  b  Pocchhckoh  Oeae- 
papHH  h  Pecny6jiHKe  Ka3axcraH. 


PA3PABOTKA,  OCBOEHHE  H  YCOBEPU1EH- 
CTBOBAHHE  JKCTPAKHHOHHOft  TEXHO- 
JIOrHH  nOJIYHEHHfl  IIAPABOJIbOPAMATA 
AMMOHHfl 

r.n.rHraHOB,  B.r.rHraHOB 

THLl  PO  rocyaapcTBeHHbiH  HayMHO- 
HCCJieflOBaTeJIbCKHH  HHCTHTyT 
UBeTHbIX  MeTajIJIOB  ‘THHUBeTMeT”,  MoCKBa 

Pa3pa6oTaHHaa  b  HHCTHTyTe  ‘THHUBeTMeT”  skc- 
TpaKUHOHHaa  tcxhohothh  H3BJieueHHa  BOJib^paMa 
6buia  BHeapeHa  Ha  HajibHHKCKOM  rHApoMeT3aBOfle  b 
1985  r.  h  KHpoBrpaflCKOM  3aBoae  TBepflbix  cruiaBOB  - 
b  1996  r.  B  KauecTBe  3KCTpareHTa  Hcnojib30BaH  Tex- 
HHuecKHH  TpHajiKHJiaMHH,  coaep>KamHH  85%  Tpe- 

THHHblX  aMHHOB. 

YuHTbiBaa  cepbe3Hbie  HeaocTancH  npHMenaeMoro 
3KCTpareHTa,  6mji  pa3pa6oTaH  h  BHeapen  b  npoH3- 
BOflCTBO  Ha  060HX  3aBOflaX  MOAH<j)HIJHpOBaHHbIH 
SKcipareHT,  KOTopbiS  no3BOjmji: 

-  HOJIHOCTbK)  HCKJIIOHHTb  o6pa30BaHHe  TpeTbefl 
cj)a3bi,  CHH3HTb  KOHueHTpauHio  3KCTpareHTa  H  KH- 
cjiOTbi  Ha  ero  3apaaKy  b  KHCJiyio  (jjopMy; 

-  yMeHblUHTb  KOHueHTpauHio  CB060flH0T0  3KCT- 
pareHTa  h  cosKCTpaKpHio  npHMecefi,  hto  npHBejio  k 
noBbiuieHHio  KauecTBa  kohchhoh  npoayKUHH. 

OflHaKO  SKCTpaKUHH  no-npeacHeMy  npoBOAHTca 
H3  KHCJIbIX  paCTBOpOB  C  pH  1,5-2,  HTO  Bbl3bIBaeT 
Koppo3Hio  o6opyaoBaHHH  h  noBbimeHHbiH  pacxoa 
peareHTOB. 

B  pe3yjibTaTe  npHBeueHHbix  HCCJieaoBaHHH  6mji 
HawfleH  3KCTpareHT,  H3BJieKaroiuHH  BOJib^paM  npw 
pH  5-5,5,  hto  cymecTBeHHO  ynpomaeT  SKcnjiyaTa- 
HHK)  o6opyflOBaHHH. 

Pa3pa6oTaHa  TexHonorna  3KcrpaKUHH  BOJibi})- 
paMa  HenocpeflCTBeHHO  H3  coaobmx  pacTBopoB 
aBTOKJiaB hoto  BbimeuaHHBaHna  uieejiHTOBbix  koh- 
ueHTpaTOB. 
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riocjie  H3BneneHHH  BOAb<})paMa  coaobhh  pacTBop  c 
npHMecHMH  B03BpaiAaeTCH  Ha  aBTOKJiaBHoe  Bbimena- 
HHBaHHe,  npn  3tom  HCKJiK)MaeTca  npHMeHeHHe  kh- 
cjiot  h  3Ha4HTejibHo  conpamaeTCH  c6poc  cojieBbix 
paCTBOpOB. 


YTHJIH3Aipifl  XBOCTOB  OBOr ATHTEJIB- 
HOH  OAEPHKH  HHrHHKHHCKOIX) 
BOJIBOPAMOBOrO  PY^HHKA 

A.E.Eaocob,  X.T.IIIapHnoB,  H.O.IIlHeiib 

Pecny6jiHKaHCKaa  opraHH3apHa  "CneucnjiaB", 
TauiKeHT 

HHrHHKHHCKaa  onbiTHaa  mctoahko- 
TexHOJiorHnecKaa  SKcneAHqHa, 
Pecny6jiHKa  Y36eKHCTaH 

OTMeneHO,  mto  nepepa6oTKa  pyA  HHnmKHHCKO- 
ro  BOjib(J)paMOBoro  MecTopoacAeHHa  npHBejia  k  06- 
pa30BaHHio  3HaHHTejibHoro  KOJiHHecTBa  AeacaAbix 
XBOCTOB,  COflep>KaHHe  OKCHAa  BOJIb(J)paMa  B  KOTOpbIX 
cocTaBJiaeT  0,07-0,08%. 

npoBeaeHHbie  TexHOAorHMecKHe  h  KOHbioHKTyp- 
Hbie  HccjieAOBaHHa  noKa3ajin  B03MoacHocTb  h  pene- 
coo6pa3HocTb  rpaBHTaaHOHHoro  o6orameHHa  xbo- 
ctob  c  nojiyneHMeM  BOJib(j)paMOBbix  KOHueHTpaTOB, 
npHroAHbix  mu  peHTa6ejibHOH  nepepa6oTKH  Ha 
YalCDKM. 

HcnbiTaHHa  Ha  HHrmncHHCKOH  o6oraTHTejibHOH 
<J>a6pHKe  b  HenpepbiBHOM  peacHMe  TexHOJiorHnecKOH 
cxeMbi,  BKjnoqaioineH  TpH  ctbahh  oSorameHHa:  ko- 
HycHbiH  cenapaTop,  4-x  ackoboh  KOHueHTpayHOH- 
HblH  CTOA  CKO-30,  KOHneHTpapHOHHblH  CTOA  CKM- 
7,5,  MarHHTHbiH  cenapaTop  3BM-1,  no3BOJiHjin  Bbi- 
6paTb  pauHOHajibHWH  peatHM  npopecca,  o6ecnenHB- 
luhh  nojiyneHne  BOAbtjjpaMOBoro  KOHpeHTapaTa  c 
coAepacaHHeM  BOAb^paMOBoro  aHTHApnAa  25-30%. 

HccAeAOBaHHa  no  THApoMeTaAAyprHHecKOH  ne- 
pepaBoTKe  noAyneHHoro  KOHpeHTpaTa  noKa3aAH 
yAOBAeTBopHTeAbHbie  pe3yAbTaTbi  -  HSBAeneHHe 
BOAb(J)paMa  B  pacTBop  npn  aBTOKAaBHO-COAOBOM 

BbimeAaHHBaHHH  HaxoAHAOCb  b  npeAeAax  91-98%. 

TexHOAorna  o6orameHHa  Aea<anbix  xboctob  HBP 
BHeApeHa b  nocToaHHyio  aKcnAyaTapmo. 
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OPr AHH3  AIJRH  IlPOH3BO^CTBA  H3BJIE- 
HEHHfl  PEHHfl  H  APY IHX  IJEHHbIX  KOM- 
IIOHEHTOB  H3  BTOPHHHOI  O  CBIPbM 


A.B.Eaiothh,  M.B.HcTpaniKHHa,  3.A.riepeaepeeBa, 
M.H.ByTOBa 

THLl  PO  rocyaapcTBeHHbiH  HayHHO- 
HCCJieflOBaTejIbCKHH  HHCTHTyT 
peflKOMeTajuiHHecKOH  npoMbimjieHHOCTH 
'THpe^MeT",  MocKBa 

IlpeflCTaBneHbi  aaHHbie  06  scjnJieKTHBHbix  cnoco- 
6ax  pereHepapHH  peHHa  h  apyrnx  peHHbix  KOMno- 
HeHTOB  H3  pa3JIHHHbIX  BHAOB  BTOpHMHOTO  CbipbH 
(oTxoflOB  ajnoMonjiaTHHopeHHeBbix  KarajiH3aTopoB 
h  peHHHcoaepxcamHX  cnjiaBOB). 

rioKa3aHa  3KOHOMHiecKaa  uenecoo6pa3HOCTb 
nepepa6oTKH  btophhhoto  peHHHCoaepxcamero  cbi- 
pba. 

JJjih  H3BJieHeHH«  peHHa  h  njiaTHHbi  H3  OTpa6o- 
xaHHbix  ajnoMonjiaTHHopeHHeBbix  KaTanH3aTopoB 
npeAJioxceHO  HecKOJibKO  TexHOJiorHHecKHx  pemeHHH, 
OTJlHHaiOmHXC»  KaK  MeTOflOM  BCKpblTHH,  TaK  H  nO- 
cjieAyioinHM  H3BJie4eHHeM  peHHa  h  njiaTHHbi.  Bee 
TexHHHecKHe  peiueHHa  rapaHrapyiOT  BbicoKoe  H3- 
BJieqeuHe  KaK  peHHa  (93%),  TaK  h  njiaTHHbi  (98%). 

PaccMOTpeHbi  cnoco6bi  nepepa6oTKH  otxoaob 
peHHHCOAepacamHx  cnjiaBOB  (KaK  abohhmx,  TaK  h 
MHOTOKOMnOHeHTHblx)  C  H3BJie4eHHeM  peHHa  H  Apy- 
THX  AeHHbIX  KOMnOHeHTOB  (HHKejIb,  Ko6ajIbT,  TaH- 
Tan,  BOJib({)paM,  mojih6ach). 


PEflKOMETAJIbHOE  IIPOH3BO/(CTBO  H 
MHHEPAJIbHblE  PECYPCM  Y  3BEKHCT  AHA 

X.T.IIIapHnoB,  E.H.HHKOJiaeBa,  M.A.KaacHXHH 

Pecny6nHKaHCKaa  opraHH3auHa  "CneucruiaB" 
HHCTHTyT  MHHepaJIbHbIX  peCypCOB,  TaiUKeHT, 
Pecny6jiHKa  Y36eKHCTaH 

OTMeneHO,  hto  Ha  coBpeMeHHOM  3Tane  pa3BHTHa 
Pecny6AHKH  Y36eKHCTaH  npHopHTeTHbiM  HanpaBJie- 
HHeM  aBJiaeTca  npo6neMa  (JiopMHpoBaHHa,  ncnojib- 
30BaHHa  H  BOCnpOH3BOACTBa  MHHepajIbHO-CbipbeBOH 
6a3bi  peAKHX  MeTajmoB  h  pacceaHHbix  3JieMeHTOB  h 


23 


3HaHHTejibHoro  pocja  hx  npoH3BOflCTBa  ana  yBejiH- 
neHHfl  BHyTpeHHero  noipeGaeHHa  h  3KcnopTa. 

JUia  pemeHHa  3aaan  b  o6aacTH  peaKOMeTaabHoro 
cbipbfl  rocyaapcTBeHHbiM  KOMHTeTOM  reoaorHH 
npoBeaeH  aHaan3  h  BbiaBaeHbi  nepcneKTHBbi  pa3BH- 
raa  OTeMecTBeHHoft  6a3bi  P3,  pa3pa6oTaHbi  HayHHbie 
OCHOBbI  np0rH03a,  nOHCKOB  H  OUeHKH  PM  o6beKTOB, 
H3yneHbi  MHHepaaoro-reoxHMHiecKHe  ocoGchhocth 
MeCTOpODKaeHHH,  BKJIIOHafl  HeTpaflHUHOHHbie  THnbl. 

IloKa3aHO,  hto  Pecny6jiHKa  Y36eKHCTaH  no  paay 
peflKHX  MeTajuiOB  h  pacceaHHbix  aneMeHTOB  o6aaaa- 
eT  3HaHHTejibHb[M  pe3epBOM  3anacoB,  a  no  pecypcaM 
MOJin6aeHa  h  peHHa  BXoanT  b  aecaTKy  Beaymnx 
CTpaH  MHpa  h  3aHHMaeT  3-4  mccto  b  CHI'.  Bbicoxa 
o6ecneHeHHOCTb  pa3BeaaHHbix  3anacoB,  hx  cootho- 
uieHne  c  3KcnjiyarapyeMbiMH  3anacaMH  cocTaBjiaeT 

3:1. 

B  Hac'Toainee  BpeMa  ochobhum  cbipbeM  ana  no- 
ayneHHa  MoaH6aeHa  h  peHHa  cayacaT  MoanGaeHOBbie 
KOHueHTpaTbi  yHHKaabHbix  KOMnaeKCHbix  MeaHO- 
nop(J)HpoBbix  MecTopoacaeHHH  AaMaabiKCKoro  pya- 
Horo  panoHa.  riepepa6oTKy  pya,  coaepacaujHX  6oaee 
10  nonyrabix  KOMnoHemoB,  npoH3BoaHT  AaMaabiK- 
ckhh  ropHO-MeTaaayprHHecKHH  KOMGnHaT.  OaHaKO 
KaHecTBeHHaa  xapaKTepHCTHKa  3anacoB  P3  ne  Bce- 
raa  yaoBaeTBopaeT  coBpeMeHHbiM  Tpe6oBaHnaM, 
HeoOxoanMo  ycoBepmeHCTBOBaHHe  TexnojiorHne- 
ckhx  cxeM  hx  ao6biHH  h,  oco6eHHO,  nepepaSoTKH. 

06cyacaeHbi  Bonpocbi  BOB.ieneHHa  BTopHHHbix 
pecypcoB  B  npOH3BOaCTBO. 


nPOBJIEMbl  H  COCTOHHHE  KOMIUIEKC- 
HOH IIEPEPABOTKH  PY/IHOI  O  H  TEXHO- 
JIOlHHECKOrO  CblPbfl  PEJIKHX 
METAJUIOB 

X.T.IHapHnoB 

Pecny6aHKaHCKaa  opraHH3auHa  "CnencnaaB" 
HHCTHTyT  xhmhh  AicaaeMHH  Hayx 
Pecny6aHKH  YaGeKHCTaH,  TamiceHT 


OTMeneHO,  hto  reoxHMHHecKHe  oco6eHHOCTH  py- 
aoo6pa30BaHHa  Ha  TeppHTopHH  IJeHTpaabHOH  A3hh 
CnOC06cTBOBaJIH  KOHaeHTpaUHH  MHOrHX  peaKHX, 
pacceaHHbix,  Gaaropoanbix  h  peaK03eMeabHbix  Me- 
TaaaoB.  ITo  cbohm  MHHepaaorHnecKHM,  xhmhhcckhm 


24 


(JiopMaM  HaxoacfleHHfl  h  KOjiHnecTBy  pyflHbix  3Jie- 
MeHTOB  MeCTOpOMCflfeHHS  HBJIHIOTCfl  yHHKaJIbHblMH  B 
MHpe.  BMecTe  c  TeM,  pa3BHrae  ropHO- 
MeTajuiyprHHCCKOH,  MeTajuiyprHHecKOH,  xhmhhc- 
CKOH,  He(J)TeXHMH4eCK0H  npOMbilUJieHHOCTH  npHBeJIO 
K  B03HHKH0BeHHK>  HOBblX  HCTOMHHKOB  peflKHX  Me- 
TaJUIOB-  BTOpHHHOrO  HJIH  TeXHOreHHOro  CblpbH. 

Ha  ocHOBaHHH  reojiorHHecKHX  h  reoxHMHHecKHX 
HCCJieaoBaHHH  npHBefleHbi  aaHHbie  no  coaepacaHHio 
peaKHX,  pacceaHHbix  h  apyrnx  MeTamiOB  b  noJinMe- 
TajuiHHecKOM  cwpbe  h  pyaax  ("necHaHHHKOBbin 
THn").  C  npHMeHeHHeM  HHCTpyMeHTaJIbHbIX  MeTOflOB 
aHajiH3a  H3yneHo  pacnpe^ejieHHe  ueHHbix  KOMno- 
HeHTOB  no  TexHOjiorHnecKHM  nepe^ejiaM  ropHO- 
MeTajuiyprnHecKHx  n  MeTajuiypnmecKHx  npoH3- 
BOflCTB  pecny6jiHKH. 

Ha  npHMepe  OTflejibHbix  MeTajniOB  Re,  Co  -  no- 
Ka3aHbI  B03M03KHbie  nyTH  nOBblineHHa  H3BJieHeHHfl 
MeTajniOB  H3  OTXoaoB,  KexoB,  uuiaMOB  h  npnBeaeHbi 
pe3yjibTaTbi  TexHojiornMecKHx  HccjieaoBaHHH  no 
nojiyneHHio  3Thx  MeTajuiOB . 

B  KanecTBe  HeipaflHnnoHHbix  hctohhhkob  Cbipba 
peflKHX  MeTajniOB  paccMOTpeHbi  TexHoreHHbie  otxo- 
flbl  XHMHHeCKOH,  HdJlTeXHMHHeCKOH,  3JieKTpOHHOH 
npoMbiuuieHHOCTH.  npHBefleHbi  aaHHbie  no  pa3pa- 
6oTKe  TexHOJiorHH  nepepaGoTKH  KaTajiH3aTopoB  - 
Mo,  Bi,  Co  h  flpyrnx.  noxa3aHa  B03MO>KH0CTb  no- 
jiyMeHHB  6jiaropoflHbix  MeTajuiOB  H3  otxoaob  ajiex- 
ipoHHOH  npoMbiuuieHHOCTH,  BOBJieneHHH  b  nepepa- 
6oTKy  OTBaJIbHbIX  KeKOB  H  XBOCTOB  B  KaHeCTBe  Cbi¬ 
pba  MeTajLnyprHHecKHx  npoH3BOflCTB  pecny6jiHKH. 

06cy>KfleHbi  Bonpocu  nojiyneHHH  SKcnopTopnen- 
THpoBaHHoii  h  HMnopT3aMemaioweH  npoayKUHH  b 
BHfle  oco6o  HHCTbix  MeTajuiOB  (99,99-99,999%)  h 
H3flejiHH,  MaTepnanoB  Ha  hx  ocHOBe. 
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n  CEKUHfl 

CnOCOBbI  riEPEPABOTKM  CBIPBfl  H 
nOJIYHEHHE  METAJUIOB  H  HX 
COE^HHEHHH 


COBPEMEHHOE  COCTOHHHE  H 
nEPCIIEKTHBbl  PA3BHTHH  BOJIbOPAMO- 
MOJIHEflEHOBOft  OTPACJIH  B  CTPAHAX 
CHT 

3-H.reAraroB,  A.^.Beccep 

THU  PO  rocyaapcTBeHHbifi  HayHHO- 
HCCJieflOBaTejIbCKHH  HHCTHTyT 
UfiejHbix  MeTajuioB  ‘THHUBeTMe-r”,  MocKBa 

IlpHBefleHbi  ^aHHbie  no  cbipbeBon  6a3e,  ypoBHio 
TexHOjiorHH  h  KanecTBy  BbinycKaeMoS  npo/iyKUHH 
npeOTpHSTHSMH  BOJIb(^paMO-MOJIH6fleHOBOH  npo- 
MbiuineHHOCTH  CTpaH  CHI’.  OcHOBHbiMH  $aKTopa- 
MH,  06yCJiaBJIHBaK)mHMH  BXOXCaeHHe  B  MHpOBOH 
pbIHOK,  HBnaiOTCfl  CHHHCeHHe  Ce6eCTOHMOCTH  TOBap- 
hoh  npoayKUHH,  noBbimeHHe  KanecTsa  Ha  ocHOBe 
HCn0JIb30BaHH»  COBpeMeHHbIX  TexHOjiorHH,  T3KHX 
KaK  HOHoo6MeHHbie  npoueccbi  b  rHflpoMera^jryprHH, 
ruia3MoxHMHHecKHe  MeTOflbi  b  nopoiuKOBOH  MeTaji- 
JiyprnH  h  ap.  BajKHeHinee  3HaneHne  npno6peTaeT 
BHeapeHHe  hobhx  HayHHO-TexHHHecKHX  pa3pa6oTOK 
b  o6nacTH  o6orameHH«  w*  noJiyneHHJi  BbicoKOKane- 
CTBeHHbix  KOHuempaTOB,  BCKpbiTHH  o6orameHHoro 
Cbipba  h  pa3JiHHHbix  OTXOflOB  npoH3BOflCTBa,  nepe- 
pa60TKH  HHCTbIX  COeflHHeHHH  MOJIH6fleHa,  BOJIb(})pa- 
Ma  H  peHHH  ao  MeTajIJIOB  H  H3flejlHH. 
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IIEPCriEKTHBLI  METAJIJIOTEPMHH  B  IIO- 
JIYHEHUH  TyrOIIJIABKHX  PACCEHHHMX 
METAJLHOB  H  HX  COEflHHEHHft 

B.B.JIa3apeHKO,  A.n.IlapiiiHH,  B.B.IIIaTaaoB 

BcepOCCHHCKHH  HayMHO-HCCJieflOBaTejlbCKMH  HHCTH- 
TyT  XHMHHeCKOH  TeXHOJIOrHH,  MoCKBa 

MeTajuioTepMHMecKHe  npoyeccbi  aBaaiOTca  oco- 
6eHHO  nepcneKTHBHbiMH  ana  C03aaHna  pecypco-  h 
3Heproc6eperaiomHX  TexHoaorHH  noayneHHa  He 
TOjibKo  awraTyp,  cnaaBOB  h  hhctwx  MeTaanoB,  ho  h 
HeKOTopwx  HeopraHHnecKHx  coeaHHeHHH  Ha  ocHOBe 
TyronJiaBKHX  pacceaHHbix  MeTaanoB  Bbicoxoro  Kane- 
CTBa. 

Pe3yjibTaTbi  HCcneaoBaHHH  nocaeaHHX  jieT  no- 
3bojihjih,  npHMeHaa  MeToa  MeTanaoTepMHH,  b  aacT- 
HOCTH  aniOMHHOTepMHH,  pa3pa60TaTb  BbIC0K03(J)- 
(JieKTHBHbie  TexHoaorHH  nonyaeHHa: 

a)  Re-Mo-Ni-Al  jiHraTypbi  ana  Hyxca  aBHauHOH- 
hoh  npoMbiuuieHHOCTH; 

6)  BbicoKOKanecTBeHHoro  nnaBJieHHoro  xap6Haa 
Bonb(j)paMa,  Heo6xoaHMoro  ana  H3roTOBJieHHa  Rax 
6ypoBoro  HHCTpyMeHTa,  Tax  h  ana  npoH3BoacTBa 
TBepaux  cnnaBOB; 

b)  ruiaBJieHHoro  MeTajuiHaecxoro  MOJiH6aeHa. 


HEIIPEPtlBHOflEflCTByiOmHft  AIIIIAPAI 

jym  BOAOPcwioro  bocctahobjiehhji 
nOPOUIKOB  TyrOIUIABKHX  METAJIJIOB 

M.M.CnHBax,  B.E.XpanyHOB,  A.T.IIIoHH6aeB, 
JK.A.AxHMHCaHOB 

HHCTHTyT  MeTajuiyprHH  h  o6orameHHa,  AjiMa-ATa, 
Pecny6jiHKa  Ka3axcTaH 

Pa3pa6oTaH  HenpepbiBHoaeHCTByiomHH  BH6po- 
annapaT  ana  BoaopoaHoro  BoccraHOBaeHHa  noporn- 
kob  TyronaaBKHx  MeTaanoB. 

IIo  cpaBHeHHio  c  cymecTByiomHMH  annapaTaMH, 
pa3pa6oTaHHaa  BH6poycTaHOBKa  no3BoaaeT  cyme- 
cTBeHHo  CHH3HTb  ceGecTOHMocTb  nepeaeaa  3a  caeT 
aBTOMaTH3auHH  npouecca  h  yMeHbiueHHa  pacxoaa 
3aeKTpo3HeprHH  h  Boaopoaa. 
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nPOH3BO^CTBO  TYrOIUIABKHX  METAJI- 
JIOB  C  HCn0JIL30BAHHEM  COPEIJHOH- 
HLIX  nPOIIECCOB 

B.A.neraHOB,  A.H.BacKaKOB,  T.B.MojiHaHOBa, 
T.n.XapHHa 

BcepOCCHHCKHH  HayHHO-HCCJieflOBaTeJlbCKHH  HHCTH- 
TyT  XHMHHeCKOH  TeXHOJIOTHH,  MoCKBa 

Ha  ocHOBaHHH  HaKonjieHHoro  onbiTa  npHMeHe- 
HHa  HOHOo6MeHHbix  npopeccoB  b  rHApoMeTanjiyp- 
thh  ypaHa  co3flaHbi  TexHOJiorHMecKHe  cxeMbi  nepe- 
pa60TKH  pa3JIHHHbIX  CbipbeBbIX  HCTOHHHKOB  TyrO- 
nnaBKHx  MeTajuiOB.  Ochoboh  cxeM  abjihiotch  cop6- 
UHOHHbie  npopeccbi  H3BJieHeHHfl  h  KOHueHTpnpoBa- 
hh»  MeTajuiOB,  o6ecneHHBaioipHe  BbicoKoe  KaqecTBO 
noJiynaeMOH  npoayKUHH  h  noBbiiueHHoe  ckbo3hoc 
H3BjieneHHe  peHHbix  MeTajuiOB. 

HaH6ojiee  3(j><})eKTHBHbiMH  hohooGmchhumh  no- 
rJIOTHTeJISMH  HBJIHIOTCH  COp6eHTbI  BHHHJinHpHflHHO- 
Boro  rana.  IJejieHanpaBJieHHbiH  chhtc3  no3BOJiHji 
34>4)eKTHBHO  peaJIH30BaTb  COHeTaHHe  flOCTOHHCTB 
MaKponopHCTofii  CTpyKTypbi  cop6eHTa  c  xhmhbcckh- 
mh  CBOHCTB3MH  TyronjiaBKHx  MeTaJUIOB . 

UlHpOKHe  B03M0)KH0CTH  COp6lJHOHHOH  TeXHOJIO- 
thh  odecneHHBaiOT  paciunpeHne  cbipbeBOH  6a3bi 
npoH3BOflCTBa  TyronjiaBKHx  MeTajuiOB. 


HOB LIE  HAnPABJIEHHB  B  TEXHOJIOFHH 
IIEPBMHIIOtf  11EPEPABOTKH  BOJIbOPA- 
MOBHX  KOHHEH1PATOB 

A.C.MeflBeaeB 

MOCKOBCKHH  rOCyflapCTBeHHblH  HHCTHTyT  CTajlH  H 
cnjiaBOB 

/Jan  o630p  HOBbIX  TeXHOJIOTHH,  pa3pa60TaHHblX 
MHChC,  B  TOM  HHCJie  COBMeCTHO  C  HHCTHTyTOM 
’THflpopBeTMeT",  no  nepBHHHofi  nepepa6oTKe 
BOJib4>paMOBoro  Cbipba:  flByxcTajiHHHoro  aBTOKJiaB- 
HO-coflOBoro  BbimejiaHHBaHHH  (ACB)  BOJib<}>paMH- 
TOBblX  H  UieeJIHTOBblX  KOHLieHTpaTOB  C  B03BpaTOM 
nacTH  OTBajibHbix  KeKOB  b  rojioBy  npopecca;  ACB 
MeXaHOXHMHMeCKH  MOflH^HPHpOBaHHblX  B  paCTBO- 
pax  KajibuneBbix  cojieii  BOJib^paMHTOB;  okhcjih- 
TejibHoe,  b  tom  MHCJie  BbicoKOTeMnepaTypHoe  ACB 
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BOJib(j)paMHTOB;  BapHaHTbi  HH3KOTeMnepaTypHoro 
Bbimejia^HBaHHa  BOjib(|)paMHTOB  pacTBopaMH  mejio- 
hh;  a30THOKHCJioraoe  BbiiuejiaMHBaHMe  meejiHTOBbix 
KOHpeHTpaTOB  C  B03BpaTOM  HaCTH  BOJlb(})paMOBOH 
KHCJioTbi  b  rojioBy  npopecca;  paanoxceHne  BOJib^pa- 
mhtob  b  pacnjiaBe  nerKonjiaBKOH  3btckthkh  co«a- 
cejiHTpa. 


H3BJIEHEHHE  PEHHfl  H  OCMHfl  IIPH 
OB'yKHrE  MOJIHE^EHOBOrO 
nPOMnPOJYKTA 

T.HTpeHBep,  E.B.ITonKOB,  B.M.IlHJieijKHH, 
IO.H.IJoh,  B.n.PyfleHKO 

CaHKT-IleTep6yprcKHH  rocyaapcTBeHHMH  ropHbifi 
HHCTHTyT  (TeXHHHeCKHH  yHHBepCHTeT) 
AjIMajIbIKCKHH  rOpHO-MeTajUiyprHMeCKHH  KOM6HHaT, 
PecnyGnHKa  Y36eKHCTaH 

Pa3pa6oTaHa  TexHOJiorHMecKaa  cxeMa  KOMnjieKC- 
hoh  nepepa6oTKH  MOim6fleHOBoro  npoMnpoayKTa, 
npeaycMaTpHBaiomafl  ero  o6*Hr  c  uenbio  ottohkh  b 
ra30Byio  <j>a3y  ocmhs  h  peHHa,  hx  nornomeHHe  h 
H3BJieHeHHC,  a  TaKxce  nepepa6oTKy  orapica  H3BecT- 
hwmh  npneMaMH.  IIpoMnpoflyKT  ArMK  OTJiHMaeTCH 
BbicoKHM  coaepacaHHeM  "opraHHKH",  noKa3aHO,  hto 
ee  HBJIHHHe  npHBO^HT  K  "pa3Ma3blBaHHIO"  B03r0H0B 
no  BceMy  ra30X0flH0My  Tpaxry  h  3aTpyflH»eT  hx 
KOHueHTpHpoBaHHe.  H3yneHa  B03Mo*HocTb  ocyme- 
cTBJieHHa  npouecca  OKHraHHfl  "opraHHKH"  Heno- 
cpeflCTBeHHo  b  neHHOM  arperaTe,  hto  ho3bojihbo 
flocTHHb  cTeneHH  B03roHKH  He  MeHee  92%  peHHa  h 
ocmhh  H3  npoMnpoflyKTa  npH  bucokoh  CTeneHH 
a6cop6uHH  H3  ra30B0H  <}>a3bi.  IIpeflJioHceHa  ycoBep- 
LIieHCTBOBaHHaa  KOHCTpyKUHS  UiaXTHOH  neHH  flJIH 
o6>KHra  MOJiH6fleHOBoro  npoMnpoayKTa. 
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TEXHOJIOnifl  H3BJIEHEHHA  PEHHfl  H3 
PACTBOPOB  C  ErO  nPE/3EJIbHO  HH3KHM 
COAEP^AHHEM 

B.H.Bojik,  A.KD.BaxpyiuHH,  A./J.Eeccep* 

THLl  P<5  BcepoccHHCKHH  HaynHO- 
HCCJieflOBaTejIbCKHH  HHCTHTyT  HeOpraHHHeCKHX  Ma- 
TepnajiOB  HM.aKaaeMHKa  A.A.EoHBapa,  MocKBa 
THLl  PO  rocyaapcTBeHHbiH  HaynHO- 
HCCJieflOBaTeJlbCKHH  HHCTHTyT  UBeTHblX  MeTaJlJIOB 
’THHUBeTMeT",  MocKBa 

Pa3pa6oTaHa  TexHonorna  H3BJieneHHfl  peHHa  H3 
TeXHOJIOTHHeCKHX  paCTBOpOB  npOH3BOflCTBa  MeflH  c 
ero  coaepacaHHeM  okojio  0,1  mt/ji  (o6opoTbi  o6ora- 
THTeubHbix  (J)a6pHK,  apeHaacHbie  pacTBopbi  xbocto- 
xpaHHJiHm  h  T.n.).  TexHOJiorHa  ocHOBaHa  Ha  H3BJie- 
HeHHH  peHHS  H3  BOflHbIX  paCTBOpOB  BblCOKOOCHOB- 
HblMH  aHHOHHTaMH,  eTO  aeCOp6pHH  C  aHHOHHTOB 
OpraHHMeCKHMH  paCTBOpaMH  TpeTHHHbIX  aMHHOB  H 
nocneflyiomeH  peaKCTpaKpHH  peHHa  H3  aMHHOB  boa- 
HblMH  paCTBOpaMH  aMMHBKa. 

IlpoBeAeHHbie  HcnbiTaHHa  tcxhojiothh  (rnecTb 
nOJIHbIX  TeXHOJIOrHHeCKHX  PHKJIOB)  Ha  riHJIOTHOH 
ycTaHOBKe  h  peajibHbix  TexHOJiorHHecKHX  pacTBOpax 
HFIO  "^Ce3Ka3raHpBeTMeT"  noKa3anH,  hto  peHHil 
MOJKeT  6biTb  H3BneHeH  H3  hhx  Ha  70-80%  h  ckohuch- 
TpHpoBaH  b  103-104  pa3.  HecMOTpa  Ha  cjioacHbin 
cocTaB  paCTBOpOB  h  HajiHHHe  b  hhx  npHMecefi  opra- 
HHHecKHx  BemecTB  (4>JioToareHTOB,  4>JiOKyjianTOB  h 
T.n.),  yxyauieHHa  xapaKTepncTHK  Hcnojib3yeMbix  b 
TexHOJiorHH  aHHOHHTa  h  pacTBopa  aMHHa,  OTMeneHO 
He  6buio,  a  caM  TexHOJiorHnecKHH  npopecc  ocTaBajica 
CTaGHJIbHbIM. 

IlonyTHO  npoHexoflHT  H3BJie*ieHHe  pacTBOpeHHOH 
b  3thx  TexHOJiorHHecKHX  pacTBOpax  MeflH  Ha  40- 
50%.  OcHOBHaa  nacTb  Mean  jierKO  OT^eJiaeTca  ot 
peHHa  Ha  onepapHH  otmmbkh  HacbimeHHoro  cop- 
6eHTa  OT  UIJiaMOB  BOflHO-aMMHaHHbIMH  paCTBOpaMH 
nepea  flecop6uHeH  peHHa  pacTBopoM  aMHHa.  Kohch- 
HblH  pe3KCTpaKT  COflepaCHT  1 00-200  Mr/jl  MeflH  h  400- 
600  Mr/n  peHHa  h  MoaceT  6biTb  nepepaOoTaH  H3BecT- 
HblMH  3KCTpaKIIHOHHbIMH  HJ1H  COp6uHOHHbIMH  Me- 
TOflaMH  c  nojiyneHHeM  neppeHaTa  aMMOHHa. 
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OIITHMH3AIJHfl  PA3EABHTEJW  /IJIB  H3- 
BJIEHEHHfl  PEHHfl  (VII)  3KCTPAKLIHEM 
TPHAJIKHJIAMHHAMH 

B.H.Bojik,  A.IO.BaxpyiiiHH 

THL(  PO  BcepoccHHCKHH  HaynHO- 
HccneflOBaTejibCKHH  HHCTHTyT  HeopraHHHecKHX  Ma- 
TepHajioB  HM.aKaaeMHKa  A-A.EoiBapa,  MocKBa 

HcCJieflOBaHbl  3XCTpaXUHOHHbie  CBOHCTBa  CHCTe- 
Mbl  Ha  OCHOBe  paCTBOpOB  TpHaJIKHJiaMHHa  B  nOJIH- 
aJiKHJi6eH30Jie,  KaK  3KCTpareHTa  jma  H3BJieHeHHa 
peHHfl  (VII)  H3  pacTBopoB  cepHofi  KHCJiOTbi.  Ilojiy- 
qeHHbie  xapaKTepncTHKH  cpaBHHBajiHCb  c  aHanorHH- 
hhmh  fljia  pacnpocrpaHeHHoro  npoMbiuuieHHoro 
3KCTpareHTa  (pacTBOp  TpHaJIKHJiaMHHa  b  cmcch  Tex- 
HHHecKHX  cnnpTOB  h  KepocHHa).  IIpeaJiaraeMaa 
CHCTeMa  o6jiaflaeT  HecKOJibKO  6ojiee  BbicoKHMH  axc- 
TpaKUHOHHblMH  CBOHCTBaMH  110  OTHOIIieHHIO  K  pe- 
hhk)  3a  cneT  OTcyTCTBHfl  nenpeccnpyiomero  BJiHaHHa 
cnHpTa.  PacTBopHMOCTb  cyjib(})aTOB  bmhhob  b  nojiH- 
ajiKHJi6eH30Jie  conocTaBHMa  c  TaxoBOH  aas  pa36a- 
BHTeJIH  CnHpT-KepOCHH ,  OHHaKO  AByXXOMnOHeHT- 
HOCTb  npejyiaraeMoro  3xcTpareHTa  cymecTBeHHO 
ynpoipaeT  xoHTpojib  3a  ero  cocraBOM  npn  npoMbim- 
jieHHoft  axcnjiyaTauHH. 

B  xanecTBe  nojiHajixHn6eH30Jia  npejuioaceHa 
CMeCb  H30Mep0B  TpH3THJl6eH30.ua  (B  TOM  HHCJie  1,  3, 
5-TpH3THJi6eH30Jia  He  MeHee  70%),  onTHMajibHo  co- 
Herafomaa  (j)H3HKO-XHMHHecxHe  (xapaxTep  H30Tep- 
Mbl  3XCTpaxqHH  peHHH  (VII)  TpHaJIXHJiaMHHOM ,  BH3- 
xocTb,  noBepxHOCTHoe  HaTJnxeHHe)  h  TexHOJiorHne- 
cxne  (pacTBopHMOCTb  b  BOAHbix  pacTBopax,  cxopo- 
cth  paccjiaHBaHHs,  TeMnepaTypa  BcnbiuiKH  opraHH- 
Hecxoro  pacTBopa)  xapaxTepHCTHXH  axcTpareHTa. 
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O  HEKOTOPMX  IIPOHECCAX 
B  nPOH3BO^CTBE  COE^HHEHHH 
BOJItOPAMA 


H.H.PaKOBa,  A.B.EaJib30BCKHH,  JI.M.JleoHOBa, 
B.K.PyMHHueB* 

MoCKOBCKHH  rOCyflapCTBeHHblH  HHCTHTyT  CTaJIH  H 
cnjiaBOB 

*BcepOCCHHCKHH  HayHHO-HCCJieflOBaTejIbCKHH  HH¬ 
CTHTyT  TBepabix  cnjiaBOB,  MocKBa 

IlapaBOJibiJipaMaT  aMMOHHa  (IIBA)  -  npoMe)Ky- 
TOHHblH  npOflyKT  B  npOH3BOflCTBe  BOJIb(})paMa,  CBOH- 
CTBa  h  cnoco6bi  nojiyneHHa  KOTOporo  onpeaenaioT 
KanecTBO  H3flejiHH  H3  BOJib^paMa.  B  nocjieflHHe  roflbi 
H3  oco6o  hhctoto  11BA  nojiynaioT  ronyBon  okchs 
Bonb^paMa  (rOB),  Hcnojib3yeMbifi  ana  npoH3BoacT- 
Ba  TBep^bix  cnjiaBOB  h  HenpoBHcaiomeH  BOJibijipa- 
moboh  hhth.  I1BA  oco6oh  HHCTOTbi  nojiynaioT  no 
cjioikhoh  TexHOJiorHHecKOH  cxeMe,  npaMaa  nepeKpn- 
CTanJiH3apHa  He  Hcnoab3yeTca  BcaeacTBHe  MajiOH 
pacTBopHMOCTH  I1BA  b  Boae  h  BOflHOM  pacTBope 
BMMHaKa.  OnTHMH3aUHa  yCBOBHH  paCTBOpeHHB, 
npenBapHTeJibHaa  HH3KOTeMnepaTypHaa  npoKajiKa 
no3BOJiHJiH  npeflnoiKHTb  ycoBepiueHCTBOBaHHyio 
TexHonoTHiecKyio  cxeMy  npoH3BoacTBa  I1BA  no- 
BbiuieHHOH  HHCTOTbi  c  cyMMapHbiM  coaepacaHHeM 
npHMecefi  He  6oJiee  0,007%. 

IlpoBeneHHbiH  aHajiH3  nHTepaTypHbix  aaHHbix 
noKa3biBaeT,  hto  npoMbiuuieHHO  nonynaeMbifi  FOB 
HMeeT  CJIOaCHblH  XHMHHeCKHH  H  (})a30BbIH  COCTaB. 
CocTaB  TOB  3BBHCHT  ot  qeaeBoro  Ha3HaneHHfl  h 
onpeaejiaeaca  cnocoOaMH  noJiyueHHa.  HccneaoBaHbi 
cBoficTBa  TOB  h  cnoco6bi  ero  nojiyneHHfl  b  annapa- 
Tax  pa3JiHHHoro  THna. 

IIpH  BCKpbITHH  BOJIb({)paMHTOBbIX  KOHUeHTpaTOB 
xcejie3o,  MapraHen,  TaHTaji,  hho6hh,  cxaHflHH  ocTa- 
roTca  b  OTBajibHbix  KeKax,  npejicTaBJiaiomHX  co6oh 
TexHoreHHbie  MecTopo>KjieHHa,  coaepacaHHe  ueHHbix 
KOMnoHeHTOB  b  KOTopbix  Bbiuie,  HeM  b  pyaax.  Hc- 
cneflOBaH  h  npefljioaceH  TexHOjiorHnecKHH  BapHaHT 
nojiyneHHa  6oraToro  MapraHeucoaepxcamero  koh- 
UCH'rpaTa,  KOTopbiH  mojkho  Hcnoab30BaTb  b  npoH3- 
BoacTBe  4>eppocnnaBOB,  xhmhhbckhx  coeflHHeHHH 
pa3JiH4Horo  Ha3HaneHHH  h  xhmhhbckhx  hctohhhkob 
TOKa. 
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TEXHOJIOrna  H  AIUlAPATyPA  nPOIlECCA 
HEnPEPHBHOrO  rH/lPOTEPMAJIBHOrO 
OCA2K^EHH2I  TPHOKCHAA  MOJIHEZIEHA  H3 
PACTBOPOB  ErO  COJIEft 

A.T.IIIoHH6aeB,  r.A.TpyuiHH,  A.K).,HaAa6aeB 

IiHCTHTyT  MeTaJinyprHH  h  o6orameHna 
(HapHOHajibHbiH  peHTp  no  KOMnnexcHon 
nepepa6oTKe  MHHepanbHoro  cbipba  Pecny6jiHKH 
Ka3axcTaH),  AaMa-ATa 

Pa3pa6oTaHa  h  npeAAoaceHa  npHHUHnnajibHO 
HOBaa  TexHOJiorna  ocaacAeHna  rpnoxcHAa  mojih6ac- 
Ha  B  rHflpOTepMajIbHbIX  yCJIOBHSX  H3  pacTBOpOB 
BbimejiaHHBaHHH  MOJIH6AeHOBbIX  npOAyKTOB,  KOTO- 
paa  no3BOAaeT  b  npoMbiuiAeHHbix  ycjiOBHax  npH 
coxpaneHHH  ochob  cymecTByiomeH  cxeMbi  MOAn6Ae- 
HOBoro  npoH3BOACTBa  b  KopoTKHe  cpoKH  nepeiiTH  Ha 
BbinycK  BbicoKOKanecTBeHHOH  mojihGachoboh  npo- 
AyKUHH. 


HCCJIEflOBAHHE IIPOLIECCOB 
KOMIUIEKCHOfl  IIEPEPAEOTKH 
KOHI^EHTPATOB  H  OTXOflOB 

ry  ron ji abkhx  metajijiob 

B.A.KpacHJibHHKOB,  r.r.AHApeeB,  <!).A.BopouiHJioB, 
T.H.ry3eeBa,  A.CJIeBiuaHOB,  IO.O.Ko63apb*, 
A.H.KaHaeB*,  B.MIIeAHKOB*,  T.C.3aHqeBa*, 
B.n.CTOJi6oB* 

TOMCKHH  rtOJIHTeXHHMeCKHH  yHHBepCHTCT 
*Ch6hpckhh  xHMHHecKHH  KOMSHHaT,  CeBepcK 

IIoBbimeHHbie  Tpe6oBaHHa  k  KanecTBy  npHMe- 
HaeMbix  TyronaaBKHx  mctbaaob;  BOAb(J)paMy,  pe- 
HHK),  MOAHGAeHy  H  HX  cnAaBaM  B  aTOMHOH  H  paKeT- 
HOH  TeXHHKe,  3AeKTpOHHKe,  XHMHHeCKOH  npOMblUI- 
AeHHOCTH  H  ApyrHX  o6jiaCT8X  HayKH  H  TeXHHKH, 
npeAnoAaraioT  ycoBepmeHCTBOBaHHe  TexHOJiorHH  hx 
noAyqeHHa,  pacuiHpeHHe  accopTHMeHTa  h3acjihh  h 
hx  yAemeBJieHHe.  Oco6o  npncTajibHoro  BHHMaHHa 
3acny>KHBaeT  nepepaGoTKa  otxoaob  TyronjiaBKHX 
MetajuioB. 
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OflHHM  H3  B03MO>KHbIX  nyTeH  COBepiIieHCTBOBa- 
hha  TexHOJiorHH  nojiyneHMa  peHHa  aBJiaeTca  ncnojib- 
30BaHHe  ra30(j)T0pHflH0H  cxeMbi  nepepa6oTKH  Me- 
TaJUIHHeCKHX  OTXOflOB  H  KOHUCHTpaTOB  peHHH, 
BOJib(J)paMa  h  MOJiH6aeHa. 


PECYPCOCBEPEr AIOLUAfl  TEXHOJIOrHfl 
IIPOH3BOACTBA  COE^HHEHHH 
BOJIbOPAMA 

T.B.BepeBKHH 

3AO  “3anaaHO-Cn6HpcKaa  KoMnaHHa”, 
Hoboch6hpck 

CoBpeMeHHaa  TexHOJiorHH  npon3BoacTBa  coean- 
HeHHH  BOJib(J)paMa  xapaKTepH3yeTca  bucokhm  pac- 
xoflOM  peareHTOB  h  6onbuiHM  o6i>eMOM  3KOJiornHe- 
CKH  OnaCHbIX  COJieBbIX  ctokob. 

HaMH  b  coapyxcecTBe  c  paaoM  HHCTHTyTOB  Ana- 
aeMHH  HayK  h  oTpacneBbix  HHCTHTyTOB  b  TeneHHe 
nocneAHHX  15  JieT  pa3pa6aTbiBajiacb  KOHuenuna 
AaHHoro  nepeaeaa,  ocHOBaHHaa  Ha  3KcrpaKUHOHHOM 
(nan  COp6UHOHHOM)  KOHUeHTpHpOBaHHH  BOJlb(j)paMa 
HenocpeflCTBeHHO  H3  <j)HJibTpoBaHHbix  mejiOKOB  6e3 
HeHTpajIH3aUHH  H36bITOHHOH  COflbl  HJ1H  mejlOHH.  B 
pe3yjibTaTe  3aBepuieHa  pa3pa6oTKa  3Toro  3aMKHyxo- 
ro  no  MaTepHajibHbiM  noTOKaM  TexHonornnecKoro 
npoqecca. 

BbinojiHeHHbre  HccaeaoBaHna  no  MaKpOKHHeTHKe 
npoqecca  noKa3biBaioT,  hto  HecMOTpa  Ha  6ojiee  HH3- 
Kyio  o6MeHHyio  eMKOCTb  HcnoJib3yeMbix  ana  koh- 
qeHTpHpoBaHna  Boab<J)paMa  3KcrpareHTOB,  napa- 
MeTpbi  Maccoo6MeHa  npeBocxoaaT  TaKOBbie  ana 
npHMeHaeMon  noBceMecrao  TexHoaonw  npoH3Boa- 
CTBa  coeaHHeHHH  Boab(})paMa,  hto  no3BonaeT  nonra 
BaBoe  coKpaTHTb  o6beM  TexHoaorHHecKoro  o6opy- 
aoBaHHa. 
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TEXHOJIOrHH  IIEPEPABOTKH 
BOJIBOPAMCOflEPHCAIIJHX  OTXOAOB 

B.A.KpacHjibHHKOB  ,  r.r.AHflpeeB, 
O.A.BopoiiiHJioB,  T.H.ry3eeBa,  A.C.JIeBiuaHOB, 
IO.<I).Ko63apb*,  T.C.  3afti;eBa*,  A.K.JIeflOBCKHx*, 
A.H.KanaeB*, 

B.n.UIeaHKOB*,  3.0.nopTHJirHHa* 

TOMCKHH  nOJIHTeXHHMeCKHH  yHHBepcHTeT 
*Cn6HpCKHH  XHMHMeCKHH  K0M(5HHaT,  CeBepCK 

OCHOBHOH  UejIblO  flaHHOH  pa60Tbl  HBJIHeTCH  HC- 
cjieaoBaHHe  npouecca  nepepa6oTKH  otxoaob  BOJib<|>- 
paMa  h  noJiyneHHe  KOHflHijHOHHoro  MeTajma  b  BHfle 
nopouiKa,  BOflb<j)paMOBbix  riOKpbiTHH  hjih  KOMnaKT- 
HblX  H3flejIHH. 

CpaBHeHHe  TpaflHflHOHHbix  MeToaoB  nepepa6oT- 
KH  OTXOflOB  BOJIb(})paMa  C  pa3pa60TaHHbIM  HBMH 
MeTOflOM  4>TopHaHOH  nepepa6oTKn  yKa3biBaeT  Ha 
npeHMymecTBo  nocjieflHero. 


HEKOTOPME  HATIPABJIEHUfl  3KOHOMHH 
PECYPCOB  riPH  FHAPO- 
METAJIJiyPrHHECKOfl  IIEPEPABOTKE 
BOJIhOPAMOBBIX  nPO^YKTOB 

JI.H.Ktihhko,  B-HTayuiKOB,  B.K.PyMHHijeB 

BcepOCCHHCKHH  HayHHO-HCCJieflOBaTCJIbCKHH  h  npo- 
eKTHblH  HHCTHTyT  TyronjiaBKHX  MdTaJUIOB  H  TBepflblX 
cnjiaBOB  “BHHHTC”,  MocKBa 

ripoH3BoacTBo  BOflb<J)paMa  h  cnJiaBOB  Ha  ero  oc- 
HOBe  BeaercH  H3  BOBb(J)paMOBWX  coeflHHeHHH,  hhcto- 
Ta  KOTopwx  no  coflepxcaHHio  npHMecefi  o6ycjiaB;in- 
BaeT  b  Sojibuioff  cTeneHH  KanecTBO  totoboh  npo- 
flyKUHH. 

HanGoJibuiaa  onncTKa  ot  npHMeceii  ocymecTBjiH- 
eTca  npn  rHapoMeTajiayprHHecKOH  nepepa6oTKe 
BOJlb(j)paMOBbIX  KOHHeHTpaTOB. 

B  aoKjiaae  paccMOTpeHbi  Bonpocbi  bckpmthh 
BOJib<{>paMOBb!x  KOHueHTpaTOB  c  uejibio  nojiyneHna 
pacTBopHMoro  coeflHHeHHH  Bonb(j)paMa  -  Boflb<j)pa- 
MaTa  HaTpHH,  HOBbie  cnoco6bi  nepepaSoTKH  pacTBO- 
poB  BOflb^jpaMaia  HaTpHH  c  npHMeHeHneM  HOHHoro 
o6MeHa,  cnoco6bi  onTHMaabHOH  nepepaGoTKH 
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otxoaob,  coaep>KainHx  BOAb({)paM,  a  TaioKe  cnoco6bi 
yTHAH3aUHH  BOAb(j)paMa  H  ApyrHX  XHMHHeCKHX  co- 
eAHHeHHH  H3  CTOHHbIX  BOA- 

ripeAAcmeHHbie  nyra  bkohomhh  BOAbtjjpaMa, 
peareHTOB,  KanHTaAbHbix  baoscchhh  ycneiHHO  pea- 
AH30BaHbI  B  FipaKTHKe  npOH3BOACTBa. 


BHE^PEHHE  HA  YaKTiKM  HOHO- 
OEMEHHOH  TEXHOJIOrHH  OHHCTKH 
PACTBOPOB  BOJILOPAMATA  AMMOHHfl 
OT  MOJIHEflEHA 

3.A.riHpMaT0B,  A.A.Eaoxhh 

Y36eKCKHH  KOM6HHaT  TyrOIIJiaBKHX  H  )KaponpOMHbIX 
MeTamioB,  Hhphhk 

ripH  npOH3BOACTBe  BOJIb(j)paMOBOH  npOBOAOKH 
Aah  AaMn  o6mero  Ha3HaneHHA  (JlOH)  perAaMeHTH- 
pyeTca  npHMecb  MOAH6AeHa  He  6onee  neM  0,03%  Bee, 
a  aa»  raAoreHHbix  AaMn  He  6oAee  0,005%  Bee. 

IIpOBeAeHHe  KOMnaeKca  HCCAeAOBaHHH  ohhctkh 
pacTBOpOB  BOAb(j)paMaTa  aMMOHHa  ot  npHMeceii,  b 
TOM  HHCAe  H  OT  MOAH6AeHa,  n03BOAHAO  BblOpaTb 
H0H006MeHHyi0  TeXHOAOTHIO,  KOTOpafl  BKAIOMaCT  B 
ce6fl  CAeAyiomne  ocHOBHbie  cTaAnn: 

-  o6pa6oTKy  pacTBopa  A03HpoBaHHbiMH  koahhc- 
cTBaMH  cyAb({)HAa  aMMOHHa  c  ueAbio  nepeBOAa  mo- 
AHOAeHa  b  <J)opMy  THOKOMnAeKca  [MoS4p-; 

-nponycKaHHe  pacTBopa  Mepe3  KOAOHHy  c  CHAb- 
HOOCHOBHblM  BHHOHHTOM,  H36HpaTeAbHO  COp6n- 
pyiomHM  moah6ach; 

-  ynapny  omhiachhoto  pacTBopa  h  KpHCTaAAH3a- 
UHio  napaBOAbcjjpaMaTa  ammohha; 

-  pereHepaqHio  aHHOHHTa  nyTeM  o6pa6oTKH  ero 
paCTBOpOM  OKHCAHTeAH. 

B  KanecTBe  copOeHTa  6ha  BbiOpaH  ahhohht  BII- 
lAn  6ah3khh  no  cbohm  eMKoerabiM  xapaKTepHcra- 
KaM  K  ApyrHM  CHAbHOOCHOBHbIM  AHHOHHTaM  (AM, 
AM-n),  ho  Aerne  pereHepHpyeMbiii  h  xhmhhcckh 
60Aee  CTOHKHH  B  yCAOBHAX  paSoTbl  B  AHKAaX  cop6- 
AHa-pereHepauHa,  a  b  KanecTBe  okhcahtcaa  -  a30T- 
Haa  KHCAOTa.  BHeApeHHe  3toh  paOoTbi  no3BOAHAO 
KOM6«HaTy  peuiHTb  npoOAeMy  noAyAeHHa  BOAb(j>pa- 
MOBOH  npOAyKUHH  BbICOKOH  HHCTOTbl  nO  MOAH6Ae- 
Hy. 
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nOATOTOBKA  UIEEJIHTOBOrO 
KOHUEHTPATA IIEPEA  FHAPO- 
METAJUIYPniHECKHM  IBEPEAEJIOM  C  IJE- 
JIMO  nOBbUUEHHH  CTEIIEHH 
H3BJIEHEHHA  BOJILOPAMA 

3.A.IlHpMaTOB 

Y36eKCKHH  KOM6HHaT  TyronjiaBKHX  h  acaponpoHHbix 
MeTajIJIOB,  AwpHHK 

OcTaTKH  <J)jioTopeareHTOB  b  meejiHTOBOM  koh- 
qeHTpaTe  npw  aBTOKjiaBHO-coflOBOM  BbimejianuBa- 
hhh  He  pa3pymaioTca  h  cjuioTHpyiOT  BOJib<}>paM  b 
neHHbiH  npoayKT  3a  cneT  BbiaejieHHs  CO2  h  napoB 
BOAbi.  B  pe3yjibTaTe  cHHxcaeTca  cTeneHb  nepeBo.ua 
BOJib4>paMa  b  pacTBop  BOJibijjpaMaTa  HaTpHa,  T.e. 
CHHxcaeTca  H3BJieneHHe  ocHOBHoro  KOMnoHeHTa. 

C  uejibio  ohhctkh  ujeejiHTOBoro  KOHuempaTa  ot 
ocTaTKOB  (J)JioTopeareHTOB,  xcHflicoro  cTeKJia  h  npH- 
Mecefi  Kap6oHaTOB  h  cyjib^HflOB  pa3pa6oTaHa  h 
BHeApeHa  TexHOJiorna  noaroTOBKH  KOHueHTpaTOB, 
BKJHOHaromaa  b  ce6a: 

-  npoKanxy  bo  BpamajomHxca  nenax  npH  TeMne- 
paType  400-420°C; 

-  npOMbIBKy  MHHepaJIbHbIMH  KHCJlOTaMH  (a30THa» 
KHCJiOTa  KOHueHTpauHefi  25-30  r/ji). 

Pe3yjibTaTOM  BHeopeHua  otoh  TexHOJiorHH  sbh- 
jiocb  cHHxceHHe  coaepacaHHa  BOJibt^paMa  b  BbiOpoc- 
Hbix  Kexax  30  0, 8+0,9%  h  yaejiHHeHHe  cTeneHH  nepe- 
Boaa  BOJib4)paMa  b  pacreop  Ha  1, 5+2,0%,  a  TaK  ace 
coaepacaHHa  OKCHfla  BOJib^paMa  b  o6pa6oTaHHOM 

KOHueHTpaTe  no  72%  (o6mhho  60-65%). 


KOMTUIEKCHAH  YTHJIH3AIJHJI  IIPOMMIII- 
JIEHHblX  CTOKOB  rHAPOMETAJIJiyPrHME- 
CKOrO  IIPOH3BOACTBA  BOJIbOPAMA  H 
MOJIHBAEHA  B  yCJIOBHHX  YaKTACM 

3.A.riHpMaT0B 

y36eKCKHH  KOM6nHaT  TyronjiaBKHX  h  acaponpoHHbix 
MeTanjioB,  Hhphhk 

H3yneH  cocraB  ctokob  rHflpoMeTajuiyprHnecKoro 
npoH3BOflCTBa  MOJinOfleHa  h  BOJib<J)paMa,  KOTopbie  b 
OCHOBHOM  COCTOST  H3:  HaTpHeBOH  CeJIHTpbl, 
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aMMHaHHOH  cejiHTpbi,  cynb(J)aTa  HaTpna,  cyab$aTa 
aMMOHHH.  H3  MeTaJIJIOB  npHCyTCTBylOT  BOJIb(})paM, 
MOJIH6fleH,  peHHH  H  B  flOCTaTOHHO  60HbLHHX  KOJ1H- 
necTBax  -  Me^b  h  *eae30. 

Pa3pa6oTaHa  TexHoaorHa  H3BaeHeHHa  Mean  h 
>Kene3a  H3  ctokob,  KOTopaa  no3BoaaeT  H3BJieKaTb 
3th  MeTaanbi  npaKTHnecKH  noaHOCTbio.  H3  ctokob, 
coaepxcamHX  HaTpHeByio  ceam-py,  noayaeHbi  Kajib- 
UHHHpoBaHHaa  coaa  h  TexHHnecKH  HHCTaa  HaTpHe- 
Baa  ceaHTpa,  KOTopwe  BB03aTca  b  Pecny6jiHKy  no 
HMnopTy.  OcTaBiiiHeca  ctokh  ynapHBaioTca  aocyxa, 
h  noayaaeTca,  Tax  Ha3biBaeMaa  CMecb  coaeR,  co- 
CToamaa  H3  HaTpHeBOH  h  cyab<j>oaMMHaHHOH  ceaHT- 
pw,  cyab4)aTOB  Haipna  h  aMMOHHa,  KOTopaa  hc- 
noab3yeTca  KaK  KOMnaeKCHoe  yao6peHne,  o6ora- 
meHHoe  MHKpoaaeMeHTaMH. 


IIPHMEHEHHE IIOBEPXHOCTHO- 
AKTHBHMX  BE1HECTB  (nAB) 

B  rHHPOMETAJUIYPrHH  BOJIbC>PAMA 

3.A.nHpMaT0B,  B.^.JIioce6eKOB 

Y36eKCKHH  KOM6HHaT  TyronaaBKHx  h  *aponpo4Hbix 
MeTaaaoB.HHpaHK 

Pa3pa6oTaHa  h  BHeapeHa  TexHoaorna  omhctkh 
Boab(J)paMaTHbix  pacrBopoB  ot  KpeMHHa  c  npHMeHe- 
HHeM  nOBepXHOCTHO-aKTHBHbiX  BemeCTB  (nAB). 

PhyqeHbi  BanaHHe  TeMnepaTypbi,  KOHqeHTpaqHH 
nAB,  MHHepaabHbIX  KHCaOT  H  HX  aMMOHHHHbIX  co- 
aeft  Ha  ocaacaeHHe  KpeMHHa  b  npoqecce  HeHTpaaH3a- 
HHH  COflOBblX  BOHb(j)paMaTHbIX  pacTBopoB  H  HaHfle- 
Hbi  onTHMaabHbie  peacHMbi  npouecca. 

IIpe/uioKCHHaa  Texuoaorna  BHeapena  Ha  pa6o- 
TaiomeM  o6opyaoBaHHH  qexa  N°  4  Y3KT5KM  h  no- 
3BoaHaa  coKpaTHTb  noTepH  Boab(J)paMa,  KOTopwe 
o6pa30BaaHCb  npn  rHapoaHTunecKOM  cnoco6e  ohh- 
CTKH  BOab4>paMaTHbIX  pacTBopoB  OT  KpeMHHa  H3-3a 
HenoaHoro  ocaameHHa,  naoxoR  <J>HabTpaqHH  h  yHO- 
ca  noae3Horo  KOMnoHeHTa  c  KpeMHHeBOH  khchotoh. 
YBeaHHeHa  creneHb  ohhctkh  ot  KpeMHHa,  coaepxca- 
Hne  KOToporo  b  BoabcJipaMe  MeTaaaHaecKOM  orpa- 
HHaeHO  He  6oaee  0,003%  Bee. 
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3KCIIPECCHOE  OIIPEflEJIEHHE 
MOJIHEflEHA  B  TEXHOJIOrHHECKHX 
PACTBOPAX  C  HCnOJ0»3OBAHHEM 
IIPOH3BOjmO0  CnEKTPOOOTOMETPHM 

lO.B.^eMHH 

HHCTHTyT  reOXHMHH  H  aHJUIHTHHeCKOH  XHMHH  HM. 

B.H.BepHaflCKoro  PAH,  MocKBa 

HanaeHo,  mto  Meron  nepBOH  npoH3BOflHOH  no- 
3BOJl«eT  3HaHHTejlbHO  IlOBblCHTb  CeJieKTHBHOCTb 
onpeaejieHHa  Mo  b  npHcyTCTBHH  Nb  h  V  (6e3  npea- 
BapHTejibHoro  hx  OTaeneHHa)  b  cepHOKHCJiofi  cpeae  b 
npHcyTCTBHH  nepoKcnaa  BOflopoaa  h  cyjib<j)OHHTpa- 
30. 

Pa3pa6oTaHa  axcnpeccHaa  (BpeMa  aHajiH3a  8-10 
MHH.),  HyBCTBHTeJIbHaa  (flO  1  Mr/Jl  Mo)  H  CeJieKTHB- 
Haa  MeToflHKa  onpeaejieHHa  Mo  b  TexHOJiorHnecKHx 
pacTBopax  (Mo  mokho  onpeaenaTb  b  npHcyTCTBHH 
1000-KpaTHbIX  KOJIHHeCTB  Nb,  (J)TOpHA-HOHOB  H  jipy- 
THX  3JieMeHTOB;  30-KpaTHbIX  KOJIHHeCTB  V  H  T.fl.). 
MeTOflHKa  xapaicrepH3yeTca  nocraTOHHOH  Bocnpo- 
H3BOflHMOCTbio:  Sr  =  0,16  ana  3,1  mt/ji  Mo. 


3KCriPECC-AHAJIH3  nPHPOtfHBIX  H 
TEXHOJIOraqECKHX  MATEPHAJIOB  HA 
CO^EP^AHHE  PEHHfl 

JI.B.BopHcoBa,  IO.B.vHeMHH,  O.B.Eohckob* 

HHCTHTyT  reOXHMHH  H  aHaJIHTHHeCKOH  XHMHH 

HM.B.H.BepHajgcKoro  PAH,  MocKBa 

^HHCTHTyT  o6mefi  h  HeopraHHHecKofi  xhmhh 
BojirapcKofi  AxaneMHH  Hayx 

ftua  aHajiHTHHecKoro  KOHTpona  npwpoAHbix  h 
TexHoreHHbix  MaTepnanoB  Ha  coaepxcaHHe  peHHa  b 
arpeccHBHbix  cpenax,  nojiynaeMbix  nocne  pa3Jioxe- 
HHa  3thx  MaTepHanoB,  pa3pa6oTaHa  cepna  bhcoko- 
3(J)(J)eKTHBHbIX  npaMbIX  KHHeTHHCCKHX  MeTOflOB  C 
<J)OTOMeTpHHeCKOH  HJIH  BH3yajIbHOH  HHflHKaUHefi, 
ocHOBaHHbix  Ha  KaTanH3HpyeMbix  penneM  red-ox 
peaKUHax  opraHHHecKHX  peareHTOB. 

Pa3pa6oTaHbi  BbicoKonyBCTBHTenbHbie  (no 
I  Hr/MJi  Re)  h  H36HpaTejibHue  Meroabi  Ha  ocHOBe 
red-ox  peaxaHH  HHiJieHHjiaMHHa  b  CMecn  kohu.H2S04 
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H  HC1,  CyjIb(})OHHTpa30  P  B  CMeCH  H2SO4  H  HNOs, 
flHMeTHJIflHTHOOkcaMHfla  B  KOHL|.  NaOH  B  npncyT- 
CTBHH  OKHCJIHTeJieH.  MetOflbl  no  4yBCTBHTejIbHOCTH 
He  ycTynaioT  A3C-HCn  h  Macc-cneKTpaAbHOMy,  ho 
6ojiee  3KOHOMHMHM  (He  Tpe6yioT  Aoporon  annapa- 
Typbi),  3KcnpeccHbi  (15-20  mhh.),  He  rpeGyiOT  npeA- 
KOHUeHTpHpOBaHHH  H  OTfleJieHHa  Re  OT  MaTpHUbl. 
MeTOflbi  ycneuiHO  Hcnonb30BaHbi  aa«  cepHHHbix 
aHaiIH30B  TeXHOJIOrHHeCKHX  paCTBOpOB  H  npOflyKTOB 
ByjiKaHHnecKOH  flexTeubHOCTH  (ocrpoBa  KypHAbCKOH 
rpxflbi),  KaK  b  cTaijHOHapHbix,  Tax  h  b  nojieBbix  yc- 
JIOBHSX. 


OCHOBHME  IIPEflnOCblJIKH 
COBEPIIIEHCTBOBAHHfl  I  HAPO- 
METAJIJiyPrHHECKHX  iipoijeccob 
riEPEPABOTKH  MOJIKB^EH- 

co^EP*AmEro  cmplji 

A.E.Bopo6beB,  B.B.XaSHpoB* 

Mockobckhh  rocyaapcTBeHHbiH  ropHbii} 
yHHBepcHTer 

*HaqHOHajibHaa  aKaqeMHa  HayK  Kbiprbi3CTaHa 

OTMeneHO,  hto  coBepuieHCTBOBaHHe  npoqeccoB 
BKpbiTHH  MOJ3H6fleHcoflep)Kamero  cbipba  npn  rHApo- 
MeTaiuiyprHHecKOH  nepepa6oTKe  aojdkho  npoBOAHT- 
ca  b  HanpaBJieHHH  HHrHOnpoBaHHa  conyTCTByromHx 
eMy  B3aHMOAeHCTBHH,  HHHUHHpOBaHHfl  HCXOflHblX 
peareHTOB  h  B3anMOAeHCTByiomnx  cpeA. 

Il0Ka3aH0,  HTO  npH  BKpblTHH  MOJIH6AeHO- 
peHHeBoro  cyjib^HAHoro  cbipba  asoxHoii  khcaotoh 
HMeeT  MecTO  qejiaa  coBOKynHocTb  btophhhmx  Tex- 
HOAornnecKH  BpeAHbix  npoqeccoB,  pe3KO  cnHxcaio- 
iahx  BejiHHHHy  H3BjieHeHHa  MOA«6AeHa  h  peHHa  h 
npHBOASIAHX  K  o6pa30BaHHK>  3HaHHTeAbHOrO  KOAH- 
HeCTBa  OTBaJIbHbIX  KeKOB  C  COACp3K3HHeM  1,0-3, 5% 
MOAH6AeHa  h  0,01%  peHHa. 

Pa3pa6oTaH  h  ocymecTBAeH  b  npoMbimneHHOH 
npaKTHKe  mctoa  HHrn6npoBaHHa  Ana  moah6acho- 
peHHeBoro  cbipba,  3aKAK>HaioiAHHca  b  xhmhko- 
TepMHHecKOH  o6pa6oTKe  pyA  KOHueHTpnpoBaHHOH 
CepHOH  KHCAOTOH  npH  aTMOC(j)epHOM  ASBAeHHH  B 
AHana30He  TeMnepaTyp  120-160°C.  MeTOA  no3Bona- 
eT  AHKBHAHpOBaTb  BCe  HOKeAaTCAbHbie  6apbepbl 
AH(j)(J)y3HOHHoro  nopaAKa,  npHBOAHT  k  AecTpyKUHH 
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opraHHKH,  npeflOTBpamaeT  o6pa30BaHHe  sjieMeH- 
TapHOH  cepbi  h  BbiaejieHHe  nojiHMo:iH6flaxoB,  ycxpa- 
HHeT  yCJIOBHfl  3KpaHHpOBaHHS  peHHblX  MHHepajIOB 
BMeipaiomHMH  nopo^aMH,  hto  o6ecneiHBaex  npw 
AajibHeHiueM  BCKpbixHH  nojiyneHHe  BecbMa  bmcokhx 
noKa3aTejie0  H3BJieHeHH»  ueHHbix  KOMnoHeHTOB. 


PA3PABOTKA  YHHOHIJHPOBAHHOrO 
MET 0,3, A  OnPEflEJIEHHfl  PEHHfl  B 
MHOrOKOMnOHEHTHbIX  OKCH^HblX 
K0Mn03HIXHflX 

,H.B.,Z(po6ox,  A.B.EejiaeB,  B.A.KyxBHUKHH, 

A.n.PbiceB 

MocKOBCKaa  rocyflapcxBeHHaa  axafleMHa  tohkoh 
XHMHHeCKOH  TeXHOJIOrHH  HM.M.B.JIOMOHOCOBa 

Coo6meHHe  nocBameHO  co3AaHHio  3<|)<}>eKXHBHOM 
MeTOflHKH  npnroTOBjieHna  peHHHCOAepacamnx  cxeK- 
jiOBHflHbix  o6pa3uoB  cpaBHeHHa  win  peHTreHO«J)Jiyo- 
pecueHTHoro  aHajiH3a  Ha  ochobc  okchaob  BHCMyxa  h 
6opa.  npefljio>KeHa  MexoAHKa  Ha  ochobc  BBeAeHHH  b 
uiHXTy  peHHfl  b  BHfle  MajioJieTynero  OKCH^a  -  oxcnaa 
peHHa  (IV).  J(jia  nojiyneHHa  cxexna  c  onxHMaAbHbiMH 

4>H3HHeCKHMH  CBOHCTBaMH  KOHUeHTpaUHH  B12O3 
(O.C.R.)  aojiacHa  cocxaBAaxb  70%  (Macc.).  YcxaHOB- 

JieH  OHTHMajIbHblH  peHCHM  CHHTe33  CTCKJIOBHflHblX 
o6pa3UOB  C  pa3J!HHHbIM  (OT  0,1  flO  3%  (Macc.))  co- 
AepacaHHeM  Re(>2 :  noJiyneHHe  xBepAoro  pacxBopa  H3 
oKCHflOB  Bi  h  Re  npw  750°C  b  xeneHHe  3  h.,  3axeM 
nnaBJieHHe  uihxxw  c  B2O3  c  BbiflepacKofi  peaKUHOH- 
hoh  CMecH  npH  800°C  b  xeneHHe  1  h.  IlojiyHeHHbie 
cxeKJia  HccjieaoBajiH  MexoaaMH  peHxreHocjuiyopec- 
ueHXHoro  aHajiH3a  h  xpaflHUHOHHbiM  crieKxpocJjoxo- 
MexpHHeCKHM  poaaHHAHblM.  YcXaHOBjlCHO  CHJIbHOe 
6y<j>epHpyiomee  bahhhhc  B2O3  b  npHcyxcxBHH  koh- 
ueHxpnpoBaHHOH  HC1.  Pa3pa6oxaHHaa  MexoAmca 
no3BOjiaex  onpeaejiaxb  peHHH  b  cocxaBe  okchahmx 
cMecen  b  HHxepBajie  ero  coaepacaHHa  0,01-10% 
(Macc.)  c  Sr=0,03. 
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Ill  CEKUHfl 

CIUIABM  H  HX  nPHMEHEHHE 


XHMHHECKHE  ACIIEKTW  IIPOIBBOJJCTBA 
HEnPOBHCAIOUIEfl  BOJILOPAMOBOft 
HHT1I METOMMH  nOPOUIKOBOH 
METAJIJiyPrHH 


X.-H.  JlyHK 

KoMnaHHa  "OSRAM  SYL VANIA  Products  Inc." 

ToBaH^a,  FleHCHJibBaHHa,  CLUA 

OTMeneHO,  hto  HecMoxpa  Ha  nporpecc  b  odnacxH 
pa3pa6oTKH  HCTOHHHKOB  CBeTa  c  nOBBIUieHHOH  Bbl- 
cokoh  cBeTOBOH  oxAaneH,  jiaMnbi  HaKajiHBaHHa  ao 
chx  nop  HaxoflflT  ujHpoKoe  npHMeHeHHe,  a  b  hckoto- 
pbix  cjiynaax  Ana  hhx  He  hbhacho  aneKBaxHOH  ajib- 
TepHaTHBbl. 

Bo  BceM  Mttpe  npopecc  npoH3BOACXBa  BOJibfjipa- 
MOBOH  HHTH  MeTOflaMH  nopOIUKOBOH  MeTajuiyprHH 
HanHHaeTca  c  "rojiydoro  OKCH.ua  BOJib^paMa",  koto- 
pbiH  nojiynaiOT  npoKajiHBaHHeM  b  axMoc<j)epe  boao- 
poaa  xexparHApaxa  napaBonbijjpaMaxa  aMMOHHa 
(APT  4H20),  (NH4)10[H2Wi2O42]  ■  4H20.  Tony6on 
okcha  BOJibcJjpaMa"  He  aBnaexca  nexKO  c(j)opMynnpo- 
BaHHblM  COeAHHeHHeM,  3TOT  TepMHH  Hcnojib3yeTca 
AJia  o6o3HaHeHHa  npOAyKTa  rojiy6oro  pBexa  c  06- 
meR  (jiopMyjiOH  xNtb-yPhOWOn,  rAe  n<3.  IIomhmo 
KpHCTajiAHHecKHX  coeAHHeHHH  (WO3,  reKcaroHajib- 
Haa  (j)a3a  BOAb(J)paMHCXOH  6p0H3bI  W2o058,  W18O49, 
W02)  "rojiy6oH  okcha  Bonb^paMa"  Moacex  coAep- 
acaxb  ao  50%  aMop(j)HOH  4>a3bi. 

Il0Ka3aH0,  HXO  XHMHHeCKHH,  KOJIHHeCXBeHHblH 
peHxreHocxpyKxypHbifi  aHanH3  nopouiKa  h  aHartH3 
o6Mena  NH4+/K+,  a  xanace  HCCjieAOBaHHa  IH  NMR  c 
BbicoKofi  pa3peinaromeH  cnoco6Hocxbto  Aaiox  non- 
Hyio  h  AocxoBepHyio  xapaKxepHCXHKy  pa3JiHH- 
Hbix  bhaob  "roJiy6oro  okchaa  B0Jib(})paMa".  Tonb- 
ko  okchaw  c  HeKoxopbiM  coAepAcaHHeM  reKcaro- 
HaJIbHOH  aMMOHHeBO-BOAb(J)paMHCXOH  6pOH3bI, 
h-(NH4)(WO3)<0,33),  o6Hapya<HBaiox  BHeApcHHe  K+ 
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nyTeM  HOHOo6MeHHoro  MexaHH3Ma  b  npopecce 
"jierHpoBaHHfl". 

OnncaH  cnoco6  "nernpoBaHHa"  rojiySoro  OKCHAa 
BOHbtJipaMa,  3aKJiK>HaiomHHCH  b  o6pa6oTKe  ero  boa- 
hum  paCTBOpOM,  COflep*aiUHM  KaAHH,  KpeMHHH  H 

amoMHHHH  c  o6ujeH  KOHueHTpauneH  5000  ppm,  h 
oGecneHHBaiomHH  OTAHHHoe  conpOTHBneHHe  noji3y- 
necTH  TaK  Ha3biBaeMofi  HenpoBHcaiomeH  BOAbtJipa- 
moboh  hhth  npH  bucokhx  TeMnepaTypax.  IIoKa3a- 
ho,  mto  nernpoBaHHaa  BOAbijjpaMOBaa  HHTb,  ripefl- 
CTaBJiaiomafl  co6oh  KOMno3HT,  coAepatamHH  ABa 
HejierHpyeMbix  3AeMeHTa:  BOAb<}>paM  h  kbahh  -  yHH- 
KaAbHa.  y CTaHOBAeHo,  mo  conpoTHBAeHHe  noji3yne- 
cth  oOecneHHBaeTCfl  3a  cueT  MHKpoKOHueHTpauHH 
Kajms  (nopaAKa  70  ppm),  pacnpeAeJieHHoro  b 
BOAb(J)paMOBOH  HHTH  B  BHAe  HpOAOJIbHblX  p»AOB 
DKHAKHX  HJIH  Ta3006pa3HbIX  ny3bipbKOB.  KpeMHHH  H 
amoMHHHH  cjiyscaT  HCKjnoMHTejibHO  b  KanecTBe 
BcnoMoraTejibHbix  komhohchtob,  Heo6xoAHMbix  Ha 
CtaAHHX  BOCCTaHOBAeHHS  H  CfieKaHHfl. 


IIPHIIUHIILI PA3PAEOTKH  CILIABOB 
PEHHfl 

K.B.IloBapoBa,  M.A.TbuiKHHa 

HHCTHTyT  MeTajuiyprHH  HM.A.A.EaftKOBa  PAH, 
MocKBa 

B  ocHOBy  pa3pa6oTKH  cnjiaBOB  peHHa  noaoaceHbi 
AnarpaMMbi  coctohhhh,  AHarpaMMbi  cocraB- 
CBOHCTBO  H  OCo6eHHOCTH  BJIHSHHH  TepMOfUiaCTHHe- 
ckoh  o6pa6oTKH  Ha  CTpyKTypy  h  CBOHCTBa  cnjiaBOB. 
H3yneHHe  abohhux  h  MHoroxoMnoHeHTHbix  AHa- 
rpaMM  cocToaHHH  c  ynacTHeM  peHHa  iio3boahao 
onpeAejiHTb  o6jracxH  roMoreHHOCTH  TBepAbix  pac- 
tbopob,  rAe  peHHH  BbiCTynaeT  xax  ocHOBa  hah  Aerw- 
pyiOlAHH  3ACMCHT,  06AaCTH  TOMOreHHOCTH  HHTepMe- 
TaAAHHecKHX  coeAHHeHHH,  a  TaKAce  TeMnepaTypu 
(J)a30Bbix  npeBpameHHH,  ycTaHOBHTb  3aKOHOMepHo- 
CTH  (J)H3HKO-XHMHHeCKOTO  B3aHMOA6HCTBHH  peHHH  C 
3AeMeHTaMH  IlepHOAHHeCKOH  CHCTeMbl  H  BblAeAHTb 
K0MI103HUHH,  nepCneKTHBHbie  AA»  C03A&HHA  KOHCT- 
pyKUHOHHbix  cnAaBOB  h/hah  cnAaBOB  co  cneuHaAb- 
HblMH  (})H3HKO-XHMH4eCKHMH  H  CAyJKeGHbIMH  CBOHCT- 
BaMH. 
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PEHHH  B  5KAPOnPOHHbIX  HHKEJIEBbIX 
CnJIABAX  JIOnATOK  r  A30BLIX 

TYPEHH 

E.H.Ka6jioB,  H.B.IleTpyiiiHH,  HT.OpexoB, 
r.MTjieaep 

THLl  PO  BcepoccHHCKHH  Haynno- 
HCCJieaOBaTeJIbCKHH  HHCTHTVT 
aBHapHOHHbix  MaTepHajioB  “BHAM”,  MocKBa 

H3JioxeHbi  ocHOBHbie  npHHunnbi  jierHpoBaHHa 
xaponpoHHbix  peHHHCoaepxamnx  HHKeneBbix  cnna- 
BOB  (nOJIHKpHCTaJIJTHHeCKHX  CO  CTOJl6MaTOH  CTpyK- 
TypOH  H  MOHOKpHCTaJIJIHHeCKHX,  a  TaKXe  3BTeKTHHe- 
CKHX  K0Mn03HT0B),  BKJIIOHatOmHe  Bbl6op  XHMHHe- 
CKoro  cocTaBa  nepcneKTHBHbix  KOMno3npHH  h  cjiop- 
MHpoBaHHe  3aflaHHoft  CTpyKTypbi.  IIoKa3aHa  Heo6- 
XOflHMOCTb  npHMeHeHHS  aHaJIHTHHeCKHX  MeTOflOB  H 
KOMnbiOTepHoro  npoeKTHpoBaHHa  b  npopecce  co3- 
aaHHa  xaponpoHHbix  MaTepnajiOB,  KOTopbie  no3BO- 
JlfllOT  MBKCHMaJIbHO  OrpaHHHHTb  3KCnepHMeHTajIb- 
Hyio  6a3y  noHCKa,  coKparaTb  BpeMa  pa3pa6oTOK  h 
3HaiHTeJIbHO  nOBbICHTb  HX  3(|)(J)eKTHBHOCTb . 


KOHCTPYKUHOHHEIE  MATEPHAJIbl  HA 
OCHOBE  MOHOKPHCT  AJIJIOB 
MOJIHEflEHA,  BOJIbOPAMA,  HHOEHfl 

A.A.^CTpe6KOB 

HnO  “Jlyn”,  IIoaojibCK,  Mockobckoh  o6jt. 

Pa3pa6oTaHbi  KOHCTpyKpHOHHbie  MaTepnajibi  Ha 
ocHOBe  MOHOKpHCTajuioB  TyronjiaBKHx  MeTajuioB 
(MOJinGAeHa,  Bojib(})paMa,  HHo6na).  Ejiaro^apa  ot- 
cyTCTBHio  rpaHHq  3epeH  MOHOKpHCTajuibi  oSjiaaaioT 
paflOM  npeHMymecTB  no  cpaBHCHHio  c  TpaflHUHOH- 
HbiMH  TyronjiaBKHMH  MeTajniaMH  c  nonHKpHCTajuiH- 
necKOH  CTpyKTypoft. 

TexHonornnecKHe  bo3moxhocth  HITO  “JTyn” 
n03B0JMK)T  BblpamHBaTb  MOHOKpHCTaJIJIbl  B  BHfle 
npyTKOB,  Tpy6,  njiacTHH ,  jihctob,  (Jjojibrn  h  MHoro- 
cjioHHbix  H3flejiHH.  Co3aaHa  TexHOJiorna  3JieKTpoH- 
Ho-jiyneBOH  CBapKH  MOHOKpHCTajuioB  c  coxpaHeHH- 
eM  MOHOKpHCTaJIbHOCTH. 
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Pa3pa6oTaHHbie  b  HIIO  “JlyH”  waponpoHHbie 
MOHOKpHCTajuiHHecKHe  cnjiaBbi  MoryT  ycneuiHo 
KOHKypHpoBaTb  no  co npoTHBJieHHio  noji3ynecTH  npn 
t°<  ruiaBJieHHH  co  bccmh  KJiaccaMH  nojiHKpHCTajuiH- 
necKHx  MaTepHajioB,  a  komiuickc  TexHOJiorHMecKHx 
npHeMOB  no3BOJiaeT  H3roTaBjiHBaTb  MOHOKpHcraji- 
JIHKeCKHe  H3fleJTHS  pa3H006pa3H0H  reOMeTpHMeCKOH 
(JiopMbi,  pa3MepoB  c  3aaaHHOH  TOMHOCTbio  o6pa6oT- 
KH  nOBepXHOCTH  -  3JieKTpOflbI  TepMOSMHCCHOHHblX 
npeo6pa30BaTejieH  3Heprnn,  MoiyHbix  pemreHOB- 
ckhx  Tpy6oK,  AeTaiiH  BbicoicoTeMnepaTypHbix  ycra- 
HOBOK  pa3JIH4HOrO  rana. 


nOPOIUKOBblE  TYTOnJIABKHE 
MATEPHAJIbl  AJM  BMCOKO- 
TEMHEPATyPHO0  TEXHHKM 

H.O.EpuiOBa,  KXB.MaHerHH 

HHCTHTyT  nopouiKOBOH  MeTajuiyprHH  THU  P® 
AHHHHepMeT  HM.H.n.EapaHHa,  MocKBa 

Pa3pa6oTaHbi  ancnepcHoynpo4HeHHbie  Mo,  Mo- 
W,  W  cnjiaBbi  h  nceBflocnnaBbi  ana  pa6oHHX  TeMne- 
paTyp  (2000-3000)°C.  Ae4>opMHpoBaHHbie  nojiy<i>a6- 
pHKaTbi  H3  cnjiaBOB  o6ecne4HBaioT  npoHHOCTb 

<7  B  =  (650-1000)  Mila,  ruiacTHMHOCTb  ao  8  =  25% 
npn  20°C,  Gb  =  (40-110)  Mna  npw  1800°C.  Cne- 

■leHHbie  nojiy^aOpHKaTbi  H3  nceBflocruiaBOB  noBbi- 
UieHHOH  3p03H0HH0H  CTOHKOCTH  HMeiOT  MexaHHHe- 

CKHe  cBOHCTBa  Ha  ypoBHe  <J  B  -  (392-450)  Mila,  8 

>2%  npw  20°C,  O B=  (22-70)  Mna  npH  1800°C. 
BbicoKonpoHHbie  h3Hococtohkhc  Mo-MeO  KepMeTbi 
(HB  =  3000  Mna,  <T^=  1200  Mna)  OTJiHiaioTca 

xHMHHecKoil  HHepTHocTbio  k  Fe  h  Ni  pacnjiaBaM. 
HeMarHHTHbie  "xaacejibie  cnjiaBbi"  cncxeMbi  W  -  MeO 
IlJIOTHOCTbK)  (15-16)  r/CM3  C  HH3KHM  TKJIP  -  (3, 3-4,0) 
x  10-6  K-1  xapaKTepH3yK)TCH  bwcokoh  XBepaocxbio 

HB  =  2800  Mna  h  npoHHOcxbio  <7  B  =  1200  Mna. 
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PA3PAEOTKA  BblCOKOTEMIIEPATyPHBIX 
(1800-1900°C)  MOJIHBAEHOBLIX 
HAITEBATEJIEft  C  3AIHHTHBIMH 
nOKPHTHflMH 

KD.A.BacaHOB,  r.M.BopoHHH*,  A.H.EpeMHHa**, 
B.B.Kohokothh***, 
A.B.Ky3HeqoB***,  E.B.  CwBaKOBa* 

THLl  PO  UeHTpajibHbiH  AaporHflpoflHHaMHHecKHH 

HHCTHTVT  "UAEH  , 

)KvKOBCKHH,  MOCKOBCKOH  06jl. 

*rHli  PO  BcepOCCHHCKHH  HayMHO- 
HCCJieflOBaTe^bCKHH  HHCTHTVT 
aBHapHOHHbix  MaTepnajiOB  "BHAM'1,  MocKBa 
**H110  “Mojihhh”,  MocKBa 

***rocyaapcTBeHHbiH  HayaHO-HCCJieflOBaTejibCKHH 
HHCTHTyT  Tpa4>HT",  MocKBa 


C  yneTOM  coBpeMeHHoro  coctoshha  bmcokotcm- 
nepaTypHbix  HarpeBaTejiefl,  npeflJio)KeHO  HanpaBjie- 
HHe  pa6oT  ann  noBbimeHHa  3amHTHbix  cbohctb  no- 
KpbiTHH  narpeBaTejieH  H3  cnjiaBOB  Ha  ochobc  mo- 
jiH6aeHa. 

Ha  npHMepe  uhkjihhcckhx  HcnbiTaHHH  bmcoko- 
TeMnepaTypHbix  (ao  1600°C)  3JieMeHTOB  KOHCTpyK- 
Uhh  OK  “BypaH”  noKa3aHa  3<|><|>eKTHBHOCTb  npHMe- 
HeHHS  tbkhx  HarpeBaTejiefi. 

/laHO  onHcaHHe  3KcnepHMeHTajibHOH  TenjioBaicy- 
yMHOH  ycraHOBKH  nepeMeHHoro  aaBJieHHfl  B03Ayxa 
(lO  3  +  760  MM.pT.CT.)  h  BnepBbie  co3flaHHoro  xpyn- 
HorafiapHTHoro  MOJiH6fleHOBoro  HarpeBaTejia  (b 
nnaHe  900  x  900  mm)  Tpy6naToro  THna  c  npoTHBO- 
OKHCJIHTeJIbHblM  3aiHHTHbIM  nOKpbITHeM. 

OTMeHeHbi  B03MO)KHbie  oBaacra  aaa  BHeapeHHa 
tbkhx  HarpeBaTeaen  b  rpaacaaHCKyio  npoMbiwaeH- 
HOCTblO. 
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CIIJIABW  HA  OCHOBE  MOJIHEflEHA  EE3 
nOKPLITHH  H  C  nOKPLITHBMH, 
nPHMEHEHHE  HX  B  HAPOflHOM 
X03HHCTBE  H  nEPCnEKTHBbl  PA3BHTHB 

r.M.BopoHHH,  E.B.CHBaKOBa 

THU,  PO  BcepoccwHCKHH  HayHHO- 
HCCJieflOBaTejIbCKHH  HHCTHTyT 

aBHapHOHHbix  MarepHajiOB  "BHAM",  MocKBa 

Ha^HHaa  c  1950  ro,na,  b  BHAMe  npoBOflHTca 
pa3pa6oTKa  TexHOJiorHH  nonyaeHHa  MonwOfleHa  h 
cnnaBOB  Ha  ero  ocHOBe.  Co3aaHbi  cnaaBbi:  BM-1, 
BM-1A,  BM-2,  BM-3,  BM-3I1,  BM-4,  BM-5,  BM-6 

H  ap.  B  COOTBeTCTBHH  C  Tpe6oBaHHHMH,  TJiaBHblM 
o6pa30M;,  aBHaHHOHHOH  H  paKeTHOH  TeXHHKH  H  apy- 
rnx  OTpacjieH  npoMbiuuieHHocTH.  OTpa6oTaHbi  Tex- 
HOjiorHHecKne  npoueccbi  H3roTOBJieHHa  cnjiaBOB: 
BbinjiaBKa,  ae<}>opMauHa,  MexaHHaecKaa  o6pa6oTKa, 
CBapKa  h  nafiKa,  TepMHaecKaa  o6pa6oTKa  h  ap.  C03- 
aaHbi  noKpbiTHa  pa3aHHHoro  Ha3HaieHHa,  b  tom 
HHCJie  h  MHorotJiyHKpHOHaJibHbie  (>25)  h  TexHono- 
thh  hx  HaHeceHHa,  o6ecneaHBaiomHe  paOorocno- 
coOHOCTb  fleTajieii  b  H3aeaHax  npn  TeMnepaTypax  ao 
2000°C  h  Bbiiue  b  OKHCjiHTejibHbix  h  flpyrnx  cpeaax. 

BbinymeHa  TexHHHecKaa  aokv MenTaijHa:  nacnopT 
(na  cnnaBbi),  HHCTpyKijHH  h  peKOMeHaauHH  Ha  Tex- 
HoaorHHecKHe  npopeccbi  no  cnnaBaM  h  3amnTHbiM 
noKpuTHaM. 

CnnaBbi  MonnOaeHa  c  noKpbiTHaMH  HauuiH  ihh- 
poKoe  npHMeHeHHe:  b  paneTHOH  TexHHKe  -  Ha  aexa- 
nax  a3poflHHaMHHecKoro  ynpaBJieHHa  h  ap.;  b  koc- 
MHHecKoii  -  b  H3aeaHax  "Bop"  h  ap.;  b  KaaecTBe  Kpe- 
nenca,  BCTaBOK  KpHTHHecicoro  ceaeHHa,  H3MepHTeab- 
Hbix  npn6opax  h  HarpeBaTeabHbix  ycTpoilcTBax  h 

aP- 

IIpHMeHeHHe  Moan6aeHa  h  cnaaBOB  b  nocaeaHne 
5-7  neT  3HaiiHTejibno  coKpaTHaocb,  ho  nepcneKTHBbi 
o6Haae*HBaiomHe. 
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nPHHimnbl  C03AAHHfl  enJIABOB  HA  OC- 
HOBE  BOJIbOPAMA 

K.E.rioBapoBa 

HHCTHTyT  MeTamiyprHH  hm.  A.A.EaflKOBa  PAH, 
MocKBa 

Co3flaHHe  cruiaBOB  BOJib<|)paMa  6a3HpyeTca  Ha 
KOHuenpHH,  onpeflejiaeMOH:  cocTaB-cipyKTypa- 
cbohctbo.  Oco6eHHOCTH  BOJib(j)paMa  -  caMaa  Bbico- 
Kaa  TeMnepaTypa  ruiaBJieHHa  h  cKjiOHHOCTb  k  xonofl- 
hojiomkocth,  orpaHHHHBaioT  Bbi6op  JierHpyiomHX 
3JieMeHTOB  H  (J)a3  TeMH,  KOTOpbie  He  CJ1HLLIKOM  CHJlb- 
ho  CHHXcaroT  TeMnepaTypy  ruiaBJieHHa,  He  cnjibHO 
nOBblUiaiOT  CKOpOCTb  pa3BHTHH  flH(j)<})y3H0HHbIX 
npopeccoB,  a  TaKxce  3JieMeHTbi  h  (})a3bi,  ynpoHHeHHe 
KOTopbiMH  He  Bbi3biBaeT  KaTacTpoiJ)HHecKoro  CHH- 
XCeHHfl  lUiaCTHHHOCTH. 


BbICOKOHHCTblE  MOHOKPHCTAJIJIbl 
BOJIbOPAMA  H  MOJIHE/JEHA 

T.C.EypxaHOB 

HHCTHTyT  MeTajuiyprHH  HM.A.A.EaiiKOBa  PAH, 
MocKBa 

B  HCTOpHH  pa3BHTHfl  HayKH  HeTKO  npocneacHBa- 
eTca  CTpeMJieHHe  k  noBbimeHHio  CTeneHH  mhctotm 
npHMeHaeMbix  BeiyecTB.  B  pe3yjibTaTe  MHorojieraeH 
paGoTbi  HccjieaoBaTejieH  bo  mhothx  cTpanax  MHpa 
c^opMHpoBajiacb  HOBaa  HayHHaa  AHCHHiuiHHa  -  xh- 
MHH  BbICOKOHHCTbIX  BeipeCTB,  COCT3BHOH  HaCTbK) 
KOTopofl  aBJiaeTca  nojiyneHHe,  aHajiH3  h  H3yneHHe 
cbohctb  MeTaruioB  c  hh3khm  coaepiKaHHeM  npHMeceii 
h  KpHCTajuiorpa(J)HHecKHX  ae4>eKTOB. 

MeTaJuiw  pa3JiHHHbix  rpynn  hmciot  cboh  oco- 
6eHHOCTH,  KOTopue  OKa3biBaiOT  peuiaiomee  BJinaHHe 
Ha  MeTOflbi  nojiyneHHa,  rjiy6oKOH  ohhctkh,  aHajiH3a, 
BbipamnBaHHa  MOHOKpHCTajuiOB.  B  HacToameM  aok- 
jia^e  3th  Bonpocbi  paccMaTpHBaioTca  npHMeHHTenb- 
ho  k  MOHOKpHCTajinaM  BOJib(J)paMa  h  MOjiHSaeHa: 
oEcyxcaaiOTca  MeTOflbi  pa3flejieHHa  h  rjiy6oKofi  ohh¬ 
ctkh,  noJiyneHHa  MOHOKpHCTajuiOB  H3  ikhakoh  ^ia3bi, 
(J)OpMHpOBaHHa  MOHOKpHCTajIUHHeCKOH  CTpyKTypbi  B 
o6i>eMe  TBepaofi  <|>a3bi. 
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3HaHHTejibHoe  BHHMaHHe  yuejieHo  30HH0My  pa- 
4>HHHpoBaHHio  h  npHMeHeHHio  rma3MeHHoro  Harpe- 
Ba  npH  BbipaipHBaHHH  MOHOKpHCTaJIJlOB  BOJIb(|»paMa 
h  MOJiH6aeHa. 

IlpHBOflaTca  npHMepbi  npHMeHeHHa  BbicoKonnc- 
TblX  MOHOKpHCTaJIJlOB  BOJIblJjpaMa  H  MOJIH6fleHa  B 
HayKe  h  TexHHKe. 


PEHHEBME  KATAJIH3ATOPLI  B  IIPOUECCAX 
PHO>OPMHHrA,  MET ATE3HC A  H 
nEPCTIEKTHBM  HX  HCn0JIL30BAHHfl 

M.A.PfliueHueBa 

HHCTHTyT  OpraHHHeCKOH  XHMHH  HM. 

H.^.3ejiHHCKoro  PAH,  MocKBa 

34>4>eKTHBHbie  Pt,  Re/AhCh  KaTajiH3aTOpbi  pH- 
4>opMHHra  cocTaBjisioT  6ojiee  30%  ot  o6mero  kojih- 
MecTBa  KaTajiH3aTopoB,  npHMeHfleMbix  b  MHpe  b 
npopecce  nepepa6oTKH  He^Ten.  npopeccoM  MeTaTe- 
3Hca  nojiynaioT  peHHbie  HenpeaejibHbie,  <})yHKUHo- 
HajibHbie  ajiKeHbi  h  TpyjiHOflocTynHbie  Henpejjejib- 
Hbie  opraHHHecKHe  coeflHHSHHa.  npHMeHeHHe  Re- 
coaepacamHx  KaTann3aTopoB  no3BOJiaeT  npoBOflHTb 
MeTaTe3HC  hjih  coBMecTHbifi  MeTaTe3HC  b  6ojiee  mht- 
khx  ycjioBHax,  HeM  Ha  ,npyrnx  KaTajiHTHnecKHx  chc- 
TeMax.  PeHHeBbie  KaTajiH3aTopbi  npoaBjiaiOT  6ojiee 
BbICOKyK)  aKTHBHOCTb,  HeM  H3BCCTHbie  npoMbimjieH- 
Hbie  oKCHjjHbie  KaTajiH3aTopbi,  b  peaKijHax  rnjjpHpo- 
BaHHa  KHCJiopojjcoflepacainHX  coejjHHeHHfi:  Kap6o- 
HOBblX  KHCJIOT,  aJIbfleTHflOB,  3<|)HpOB  CHHTeTHHeCKHX 
JKHpHbIX  KHCJIOT  H  Jip.  IipOflyKTOB  OCHOBHOTO  Opra- 
HHHecKoro  CHHTe3a.  THflpHfl  peHHeueHa,  neHTaKap- 
6ohhji  penHH,  oKCHUbi  peHHH  h  renTacyjib(})Hji  peHHa 
HBJIHIOTCa  3(})(J)eKTHBHbIMH  KaTajIH33TOpaMH  IHJjpH- 
poBaHHa  pajia  opraHHHecKHX  coeaHHeHHH  h  kohuch- 
cnpoBaHHbix  N-coaepacaujHx  apoMaraHecKHX  MOJie- 
Kyji-npoayKTOB  tohkoto  xhmhhcckoto  CHHTe3a.  B 
naTeHTax  nocjiejiHHX  jieT  yjjejiaeTca  BHHMaHHe  CMe- 
maHHbiM  Re-coj(ep>KamHM  KaTanH3aTopaM  Ha  pa3- 
jihhhwx  HOCHTenax  b  THjipHpoBaHHH  pa3Hoo6pa3- 
HblX  OpraHHHecKHX  COeAHHeHHH  H  yCOBepmeHCTBO- 
B3HHK)  H3BeCTHbIX  K3TaJIH3aTOpOB  pH(j)OpMHHra. 
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COBEPIUEHCTBOBAHHE  TEXHOJIOrHH  H 
nEPCIIEKTHBM  PA3BHTHH  IIPOH3BOflCT- 
BA  H3AE.1HH  H3  TVrOHJIABKMX 
METAJIJIOB 

H.r.Po6epoB,  n.A.KopHarHH 

Mockobckhh  3aB0fl  TyronJiaBKHX  MeTajuioB  h 
TBepatix  cnjiaBOB 

IlpeflCTaBJieH  aHajiH3  cocroaHHa  npoH3BOflCTBa 
fle<J)opMHpoBaHHbix  nojiy4)a6pHKaTOB  h  h3acahh 
uiHpoKoro  copTaMeHTa  (npyTKH,  npoBOJiOKa,  nojio- 
cbi,  <J)ojibra,  Tpy6bi  h  ap.)  H3  MOHH6neHa,  Bonb(J)pa- 
Ma,  hho6ha  Ha  npHMepe  OnbiTHoro  3aBoaa  Tyro- 
nuaBKHX  MeTajuioB  h  TBepflbix  cnnaBOB  (r.MocKBa). 

Il0Ka3aHbI  B03M05KHOCTH  COBepUieHCTBOBaHHS 
TexHOjiorHHecKHX  npopeccoB  npoMbiuuieHHoro  npo- 
H3BOflCTBa  npoayKUHH  H3  TyronJiaBKHX  MeTajuioB  b 
COBpeMeHHblX  yCJIOBHHX.  C4)OpMyJIHpOBaHbI  TeXHH- 

necKHe  Tpe6oBaHHfl  k  napaMeTpaM  KanecTBa  hcxoa- 
Horo  cbipba  h  roTOBoft  npoAyKUHH.  OnpeaejieHbi 
ocHOBHbie  HanpaBneHHH  h  nepcneKTHBbi  pa3BHTHa 
npoH3BOflCTBa  H3flejiHH  pa3JiHHHoro  Ha3HaneHHa  H3 
MOJiH6AeHa,  BOJib(J)paMa,  HHo6na. 


TEXHOJionw  no  npon3BOACTBy  npo- 
AyKnHH  C  HCn0JIb30BAHHEM 
METAJUIIWECKOrO  PEHHB 

A.A.CeMHH,  C.B.CTenaHOB,  E.A.IOahh, 
B.C.IIIhakhh 

OAO  “OnbiTHbiH  XHMHKO-MeTamiyprHMecKHH  3aBOA 
r HpeAMeTa  ”,  IloflOJibcK,  Mockobckoh  o6ji. 

IlopoiuoK  peHHa  MapKH  Re  0  h  Re  1  co6cTBeHH0- 
ro  npoH3BOACTBa  no  TY  48-19-92-80  3bboa  ncnojib- 
3yeT  ana  noJiyneHHa: 

-  cneneHHbix  b  BaayyMe  3aroTOBOK  peHHa; 

-  npyTKOB  peHHa  AnaMeTpoM  ot  10  ao  15  mm, 
aahhoh  He  MeHee  200  mm; 

-  peHHeBOH  4>OAbrH  TY  48-0533-062-91,  uinpHHa 
H3ACAH8  40  MM,  TOJIIi[HHa  30-40  fl  K,  AAHH3  AO 
60  mm; 

-  cahtkob  cnaaBa  MOAHOaeHa  c  peHHeM  TY  48-4- 
197-83  h  BOAb(})paMa  c  peHHeM  TY  48-4-285-83. 
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A Ji»  npoH3BoacTBa  npoBOJiOKH  HcnoJib3yiOTca 
3arOTOBKH  AHaMeTpOM  OT  10  AO  20  MM,  flJIHHOH  He 
MeHee  250  mm,  nojiyneHHbix  6ecTHrejibHoil  30hhoh 
nnaBKofi. 

npoH3BOflCTBa  njiocKoro  npoxaTa  ncnojib- 
3yiOTCfl  CJIHTKH  AHaMCTpOM  OT  50  flO  100  MM  H  flJIH- 
hoh  He  MeHee  100  mm. 

CoflepjKaHHe  peHna  no  Tpe6oBaHHio  3aKa3HHKa 
cocTaBuaeT  Ana  cnjiaBOB  Bonb^paMa  c  peHHeM  ot 
0,1%  no  25%,  ana  cnaaBOB  MOJin6fleHa  c  peHHeM  ot 
0,1%  ao  47%. 


PA3PAEOTKA  H  BHEflPEHHE  CKB03HOH 
TEXHOJIOrHH  nPOH3BOflCTBA  BOJIfcOPA- 

MOBOH  nPOBOJIOKH  H3  IUEEJIHTOBOTO 
KOHI^HTPATA  (B  TOM  HHCJIE  C03AAHHE 

HOBOTO  nOKOJIEHHfl  BOJIOHHJIBIIOrO 
OEOPy^OBAHHB) 

3-A.IlHpMaTOB,  B.B.roHqapoBa,  B.B.XailnapoB 

y36eKCKHH  KOM6nHaT  TyTOnAaBKHX  H  )KapOnpOHHbIX 
MeTajuiOB,  ^HpqHK 

Pa3pa6oTKa  h  BHeApeHHe  HOBbix  TexHOJiorHH  b 
THApoMeTajujyprHMecKOM  npoH3BOACTBe  ripn  nepe- 
pa60TKe  UieeJIHTOBblX  BOJIbtJipaMOBblX  KOHpeHTpa- 
tob  no3BOJiHJia  nojiyqHTb  napaBOJib^paMaT  aMMo- 
hhh  (I1BA,  APT)  c  coAepacaHHeM  npHMeceft  He  6ojiee 
0,05%  BecoBbix.  Tanaa  XHMHnecKaa  HHCTOTa  aBJiaeT- 
ca  hcxoahoh  Ana  AaJibHeHiuero  npon3BOACTBa  H3 
riBA  3aroTOBOK  AJia  BOAb<j>paMOBOH  npoBonoKH. 

06menpH3HaHHofi  TexHOJiorHeH  npoH3BOACTBa 
I1BA  AJia  BOJib^paMOBOH  npoBOJiOKH  aBJiaeTca  Tex- 
Hojioraa  nepepa6oTKH  BOAb<J>paMHTOBbix  KOHqen- 
TpaTOB  c  nonyqeHHeM  nepeoqHineHHOH  BOJibijjpaMo- 
BOH  KHCJIOTbl  H  AaJIbHeHLUHM  BblAeJieHHeM  IIBA. 

ITojiyHeHne  co6ctbchhoh  3aroTOBKH  no3BOJiH.no 
npoBec™  HHP  no  pa3pa6oTKe  hoboh,  npHMeHH- 
Tejibno  k  ycnoBHaM  Y3KT)KM,  tcxhoaothh  npoH3- 
BOACTBa  npOBOJIOKH,  BKAIOHaa  H  TOHqaHUiyio 
(BnnoTb  ao  14  mkm).  Ha  ocHOBe  3toh  tcxhoaothh 
6mah  pa3pa6oTaHbi  KOHnenuna  h  TexHHHecKoe  3a- 
AAHHe  Ha  pa3pa6oTKy  h  H3roTOBAeHHe  hoboto  noKo- 
JieHHa  BOAOHHAbHOTO  o6opyAOBaHHa  C  IHHpOKHM 
cneKTpoM  B03MO)KHOCTeH  no  perynnpoBKe  apo6ho- 
cth  TepMonnacTHHecKHX  Ae^op*131*1™  H  otjkhtob. 
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Pa3pa6oTaHHoe  h  H3roTOBjieHHoe  hcmcukoh  (Jjhpmoh 
“SKET”  (r.KeMHHp)  sto  o6opyaoBaHHe  no3BOHHJio, 
He  ocTaHaBjiHBaa  ocHOBHoro  npon3BOflCTBa,  npoBec- 
th  b  1997  roAy  TexHHHecKoe  nepeBoopy>KeHHe. 


HOBME  TEXHOJIOrHH  nOJIYHEHHfl 
HEPCHEKTHBHhlX  T\TOHJIABKHX 

KOMnO3HUH0  HA  OCHOBE  BOJILOPAMA 

A.O.Hy3pflKOB,  H.K.IlpoKoneHKO,  H.II.Cokojiob 

rocy,n,apcTBeHHaa  aKaneMHH  cc})epbi  6biTa  h  yoiyr, 
MocKBa 

HoBaa  TexHOJiorHa  HaHeceHHa  noKpbiTHH  Bbico- 
Koro  KanecTBa  H3  MeTajuiOB  h  hx  komho3huhh  npea- 
craBJieHa  .  ra3orepMHMecKHM  MeToaoM.  CymHOCTb 
MeTOfla  3aKJHOHaeTca  b  HcnoJib30BaHHH  TennoBOH 
3HeprHH  BbICOKOCKOpOCTHOrO  nOTOKa  HOHH3HpO- 
BaHHoro  ra3a,  nojiynaeMoro  b  ruia3MeHHOM  reHepa- 
Tope. 

Hcnojib30BaHHe  pa3pa6oTaHHoro  MeToaa  no3BO- 
jiaeT  nojiynaTb  noicpbiTHa  tojiiiimhoh  0,1-10  mm  c 
npoHHOCTbio  cuenjieHHa  20-50  Mna.  IIpoH3BoaH- 
TejibHOCTb  ycTaHOBKH,  KOTopaa  peajnooBaHa  b  CTa- 
UHOHapHOM,  nepeflBHMCHOM  h  nepeHOCHOM  BapHaH- 
Tax  -  5-7  ki7h. 

PaCCMOTpeHbl  BO3M0HCH0CTH  HOBOH  TeXHOJIOrHH 
ana  nojiyneHHa  nepcneKTHBHbix  TyronnaBKHx  kom- 
n03HUHH  Ha  OCHOBe  BOJIb(})paMa. 


OnPE^EJIEHHE  PEHHfl  B  CIUIABAX 
METOflOM  3JIEKTPOHHOrO 
1 1 AP  AM  AI I  IHTHOrO  PE30HAHCA 

JI.B.EopncoBa,  K).H.iIy6poB 

HHCTHTyT  reOXHMHH  H  aHajIHTHHeCKOH  XHMHH 
hm.B.H.  BepHaacKoro  PAH,  MocKBa 

CoeaHHeHHa  peHHa  (VI)  xapaKTepH3yiOTca  cne- 
4H(J)HHeCKHMH  cneKTpaMH  3IIP,  HTO  n03B0nHn0 
pa3pa6oTaTb  Ha  hx  ochobc  BbicoKOH36HpaTenbHbie 
MeToaw  KoaHHecTBeHHoro  onpeaeaeHHa  peHHa.  On- 
peaeaeHbi  onTHMaabHbie  ycaoBHa  o6pa30BaHHH 
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KOMnjieKcoB  peHHfl  (VI):  okcoxjiophahoto  (I)  - 
ReOCls,  OKCo6poMHflHoro  (2)  -  ReOBu  h  tphoah- 
THOjraTHoro  (3)  -  Re  (TTJT)}.  HaflfleHbi  napaMeTpbi 
hx  cneKTpoB  3IIP:  ana  (I)-  gn  -  2,011,  gi  =  1,96, 
Aii/cm-1  -  0,939,  Ai/cm-1  =  0,915;  ana  (2)  -  gn  =  2,173, 
gi  =  1,770,  Aii/cm-1  =  1,014,  Ai/cm-1  =  0,876;  ana  (3)  - 
gi  =  2,044,  g2  =  2,016,  g3  =  1,999.  3aBHCHMOCTb  hh- 
TeHCHBHOCTH  CHrHEJiOB  3TIP  ot  KOHueHTpauHH  pe- 
hhs  npuMonponopuHOHaJibHa  b  HHTepBane  (0,5  - 
5).10-3M  ana  (I)  h  (2)  h  (0,1  -  10,0)  .  10-4M  w is  (3). 
MeTOflbi  xapaKTepH3yioTca  bmcokoh  H36HpaTejibHO- 
cTbio  h  6biJiH  HcnoJib30BaHbi  ana  onpeaeneHHa  peHHa 
b  cnaaBax  Mo  -  Re,  W  -  Re,  Re  -  W,  Nb-Zr. 


METOAbl  “MflrKOH”  XHMHH  B 
TEXHOJIOrHH  nOJIYHEHHfl  MATEPHAJIOB 
HA  OCHOBE  PEHH5I,  MOJIHEflEHA  H 
BOJILOPAMA 

/(.B.J(po6oT,  r.A.CeilceH6aeBa,  BX.Keccjiep* 

MocKOBCKaa  rocynapcTBCHHaa  axaaeMHa  tohkoh 
XHMHBeCKOH  TeXHOJIOTHH  HM.M.B.JIOMOHOCOBa 
*Mockobckhh  rocyflapcTBeHHbiH  yHHBepcHTeT 
HM.M.BJIOMOHOCOBa 

Pa6oxa  nocBamena  pa3pa6oTKe  MeroflOB 
“Mancon”  xhmhh  (“soft  chemistry”)  -  THflpoJiHTHHe- 
CKOMy  HJIH  TepMHHeCKOMy  pa3JIO)KeHHK)  KOMIUieKC- 
Hbix  coeaHHeHHH  Re,  Mo,  W  c  opraHHnecKHMH  jih- 
raHAaMH  b  TexHOJiorHH  ynpaBjiaeMoro  CHHTe3a  hh- 
AHBHAyajibHbix  okchaob  h  hx  TBepflbix  pacTBopoB,  a 
TaioKe  noJiyneHHa  HaHopa3MepHbix  nopouiKOB  hhah- 
BHAyajibHbix  MeTajuioB  h  hx  cruiaBOB  npn  hh3khx 
(450°C)  TeMnepaTypax. 

noJiyneHHa  OKCOMeTHnaTOB  Re402(0Me)i6, 
ReMo02(OMe)7,  Rei-xWx02(0Me)i6  h 

RexMoy02(OMe)7  Hcnojib30BaH  3JieicrpoxHMHHecKHH 
MeTOA.  Hx  TepMHHecKoe  pa3jio*eHHe  Ha  B03flyxe 
BeaeT  k  nojiyHeHHK)  tphokchaob  MOJiHbaeHa  h  pe- 
Hna.  TaioKe  ycTaHOBJieHbi  ycnoBna  TepMHHecKoro 
pa3JioaceHHa  coeflHHeHHH  Re402(0Me)i6, 
Re20s(acca)2,  Re207-2  THF  h  KOMiuiexca  Re207  c 
C2HsOH.  IIoKa3aHO,  hto  HecMOTpa  Ha  KOMiuieKCHoe 
CTpOeHHe  HCXOflHbIX  OKCOMeTHnaTOB,  HX  BOCCTaHOB- 
JieHHe  boaopoaom  no3BOJiaeT  nonyHHTb  HaHOpa3- 
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MepHbie  (pa3Mep  nacTHp  0,01-0,05  pm)  nopouiKH 
MeTajuiHHecKoro  peHHfl  h  ero  cruiaBOB. 


B03MCMKH0CTH  BMCOKO- 
TEMnEPATYPHOrO  TAJIbBAHO- 
IUIACTHHECKOrO  METOM 

H3rOTOBJIEHHfl  H3^EJIHft  H3  PEHH5I H 
MOJIHEflEHA 

O.H.BHHorpaflOB-^Ca6poB,  A.M.MojiHaHOB, 
JLM.Mhhhchko,  M.O.Bojikob,  r.A.riaHOB, 

B.A.MexcyeB,  r.r.rioTOCKaeB,  B.H.KajiaHTbipb, 
B.C.KypcKOB 

HHCTHTyT  BblCOKOTeMIiepaTypHOH  3JieKTpOXHMHH 

YpO  PAH,  EKaTepHH6ypr 
OAO  "MauiHHocTpoHTenbHbiH  3aBoa", 
3jieKTpocTajib,  MocKOBCKas  o6ji. 

Pa3pa6oTaHbi  cnoco6bi  h  ochobm  TexHOjiorHH 
nojiyneHHa  H3flejiHH  (b  tom  HHCJie  cjiohchmx  (JjopM) 
3JieKTpojiH30M  cojieBbix  pacnnaBOB.  EIojiyBeHb!  h 
HcnbiTaHbi  b  pape  opraHH3apnH  peHHeBbie  (J>ojibrn 
(tojhphhoh  5-100  mkm),  npoBOJiOKa  (anaMeTpoM 
100-200  mkm),  ocHacTKa  BbipaipHBaHHJi  npo- 
(J)HJIbHbIX  MOHOKpHCTaiUIOB,  peHHeBbie  H  MOHH6pe- 
HOBbie  Tpy6bi,  THrjiM  (pwaMeTpoM  ao  150  mm  h  toji- 
ipHHOH  cTeHOK  flo  6  mm),  npaMoyrojibHbie  KioBeTbi 
(150x100x50  mm). 

IloKa3aHO,  hto  6aaroaapa  3aaaHHbiM  h  kohtpo- 
jiwpyeMbiM  napaMerpaM  ocaacaeHHbix  caoeB,  cpoK 
cjiy*6bi  H3flejiH0  3Ha«JHTejibHO  yBejxHBHBacTca  npn 
coxpaHeHHH  nepBOHanaiibHOH  (jjopMbi,  h  HMeeTca 
B03M03KH0CTb  MaKCHMajIbHO  peajIH30BaTb  nOJIO)KH- 
rejibHbie  3KcruiyaTauHOHHbie  KaBecraa. 

YcTaHOBjieHO,  hto  3JieKTpoxHMHHecKHe  cnoco6bi 
no3BOJiHK)T  noJiynaTb  mneimx  bwcokoh  xhmhicckoh 
HHCTOTbi  npn  Hcnonb30BaHHH  OTHOcHTejibHo  3arps3- 
HeHHblX  HCXOflHbIX  MetajuiOB. 
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TEXHOJIOrHHECKHE  ACIJEKTLI 
nOJIYHEHHfl  IIJIEHOK,  CnJIABOB, 
coejihhehhH  h  metajijiob  rpynnw 

BOJH><DPAM,  PEHHft  H  MOJIHE/JEH 
MHKP03JIEKTP0HHKH 

H.K).K)cnnoB 

BcepOCCHHCKHH  HayHHO-HCCJieflOBaTejlbCKHH  npo- 
eKTHO-H3bICKaTeJIbCKHH  HHCTHTyT  npOMbllHACHHOH 
TexHOjiorHH,  MocKBa 

PaccMOTpeHbi  MeTO/ibi  nojiyneHHa  njieHOK 
BOJib(|)paMa,  peHHfl  h  MOAH6AeHa,  hx  cnaaBOB  h  co- 
eflHHeHHH  A AH  peAefi  MHKp03AeKTpOHHKH.  Oco6oe 
BHHMaHHe  yaeAeHO  TexHOAornnecKHM  acneKTaM 
noAyneHHfl  nneHOK  c  KOHTponHpyeMbiMH  nepeMeH- 
HblMH  COCTaBOM  H  CBOHCTBAMH  Ha  njiomaflH  iioa- 
aohckh  3a  cneT  jioKaAbHoro  bo3A£Hctbhh  H3AyneHHa 
BbicoK03HepreTHHecKHX  nacTHU  xhmhabckhx  3AeMeH- 

TOB  HAH  4>OTOHOB. 


HAHECEHHE  nOKPbITHM  H3 
IUIATHHOBEIX  METAJIJIOB  HA 
TYTOnJIABKHE  METAJIJIEI  C  nOMOIHEIO 
JIETYHHX  4>TOPHAOB 

3.r.PaKOB,  M.H.Hhkhthh 

PoCCHHCKHH  XHMHKO-TeXHOAOTHHeCKHH  y H HBepCHTeT 

HM./|.H.MeHAeAeeBa,  MocxBa 

CymecTByiomHe  mctoam  MOAH(j)HKauHH  riOBepx- 
hocth  peAKHx  TyronAaBKHX  MeTaAAOB  nyTeM  HaHe- 
ceHHa  Ha  Hee  noKpbiTHH  h  itachok  H3  nAaTHHOBbix 
MeTaAAOB  He  BcerAa  npHMeHHMbi. 

K  HHCAy  MaAOHccAeAOBaHH bix  nyTen  pemeHHfl 
3aABMH  OTHOCHTC3  HCnOAb30BaHHe  o6MeHHbIX  peax- 
Phh  c  yHacTHeM  AexynHx  coeAHHeHHH  nAaraHOBbix 
MeTaAAOB 

nM(k)  +  mPnXn(r)  -3  mPn(k)  +  nMXm(r), 

rAe:  M  -  noxpbiBaeMbiH  MeTaAA,  Pn  -  nAaTHHO- 

BblH  MeTaAA,  X  -  AHraHA- 

CaCAAH  Bbl6op  HCXOAHbIX  TepMOAHHaMHieCKHX 
napaMexpoB.  Jinn  KpHCTaAAHnecKHx  RuF3,  RuF4, 
ra30o6pa3Hbix  RuFs,  RuF6,  RU2F10,  RU3F15  pexo- 
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MeHflOBaHbl  3HT£UIbnHH  06pa30BaHHH  npH  O  K,  co- 

CTaBJiaiomHe  cootbctctbchho,  -561,7;  -750,8;  -821,2; 
-1673,9  h  -2563,7  K^*/MOJib.  PaccHHTaHbi  TepMOflH- 
HaMHMecKHe  napaMeipw  HHTepecyiomHX  peaiajHH. 

B  HHTepBajie  TeMnepaTyp  ot  KOMiiaTHofi  flo 
500°C  H3y HCHbi  npopeccbi  B3aHMoaeHCTBHa  nopoui- 
K006pa3HbIX  H  KOMnaKTHbIX  BOJIb(J)paMa  H  MOJIH6fle- 
Ha  c  neHTa<})TopH,noM  pyTeHHH.  OnpeAeJieHbi  Ha- 
naJibHbie  TeMnepaTypbi  pearnpoBaHHs,  cocTaB  neTy- 
HHX  H  TBepAbIX  npOAyKTOB  B3aHMOAeHCTBH».  IloKa- 
3aHO,  mto  TaKHM  nyTeM  yaaeTca  noiiyiaTb  pyTeHHe- 
Bbie  noKpbiTHfl  Ha  BOJibfjipaMe,  b  to  BpeMa  KaK  Ha 
Monn6AeHe  npopecc  ocjioKHaeTcs  o6pa30BaHHeM 

HH3IHHX  4>TOpHAOB. 


HCCJIE^OBAHHE  H  MO^EJIHPOBAHHE 
B3AHMOAEflCTBHH  3JIEMEHTOB  B 
CJIOHCTHX  K0Mn03HUH0HHbIX 
MATEPHAJIAX  HA  OCHOBE  TYTOnJIABKHX 
METAJIJIOB 

E.M.CjiiocapeHKo 

Mockobckhh  rocyAapcTBeHHbiH  yHHBepcHTeT 
HM.M.B.JIOMOHOCOBa,  XHMHHeCKHH  (jiaKyjIbTeT 

HccjieAOBaHbi  npoqeccbi  B3aHMHOil  AH(j)(j)y3HH  b 
cjiohctwx  CHCTeMax  Ha  ocHOBe  TyronnaBKHX  MeTaA- 
jiob  (Ti,  V,  Nb,  Ta,  Cr,  Mo).  Pa3pa6oTaHbi  ochobm 
KonHHecTBeHHoro  onncaHHa  npoueccoB  B3aHMHOH 
AH(J>(J)y3HH  h  onpeAeneHbi  6a30Bbie  napaMerpu  Teo- 
pHH  -  napHHajIbHbie  K03(|>4)HHHeHTbI  AH(J)(j)y3HH  KOM- 
noHeHTOB  b  CHCTeMax.  Co3AaHa  BHpTyaJibHaa  mo- 
Aejib  npopeccoB  B3aHMOAH(j)(|)y3HH  3AeMeHTOB  Ha 
(j)a30BbIX  rpaHHIiaX  CAOHCTbIX  K0Mn03HUH0HHbIX 
MaTepnajioB  h  ocymecTBAeHbi  KOJiHHecTBCHHbie  pac- 
HeTbl  B3aHMOAeHCTBHH  KOMIIOHeHTOB  B  yCJIOBHJIX 
3KcnAyaTaqHH. 
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HAHOKPHCTAJIJIHHECKOE  TEPMHHECKOE 
YIIPOHHEHHE  TBEPAWX  CIIJIABOB  BK  C 
MO£H<I>mpiPOBAHHEM  nOBEPXHOCTH 
SiC 

A.H.HexoBoB,  B.M.BbmKOB* 

HHKeHepHbiH  ueHTp  Pocchhckoh  HH>KeHepHOH  axa- 
fleMHH  “IlepeflOBbieTexHOJiorHH",  MocKBa 
*PaKeTHO-KOCMHHeCKHH  3aB0fl  r OCyAapCTBeHHOrO 
KOCMHnecKoro  HayHHO-npoH3BOflCTBeHHoro  ueHxpa 
hm.  M.B.XpyHHMeBa,  MocKBa 

HcnoJib3yfl  3<J)({>eKTbi  “yaapa  TennoM”  h  pa3pa- 
6oTaHHbie  “Hoy-xay”  npn  TepMOUHKJiHnecKOH  o6pa- 
6oTKe  Ha  cTaflHH  npoH3BoacTBa  HHCTpyMeHTa  pa3- 
jiHHHoro  Ha3HaneHHa  c  pa6oHHMH  3JieMeHTaMH  H3 
OTenecTBeHHbix  TBepabix  cruiaBOB  BK  yaanocb 
c4)OpMHpOBaTb  HaHOKpHCTajUlHHCCKylO  CTpyKTypy  B 
Ko6aJTbTOBOH  CBB3KC  H  HanOJIHHT&Jie  C  yHHK3JIbHblM 
coHeTaHHeM  cbohctb:  TBepaocTb  89-91  HPA.amr  = 
1600-1700,  njiOTHocTb  14500-14900  kiVm3,  cnnaB 
BK8. 

rioBbiwenHaH  H3HococTOHKOCTb  onpeaejmeTCH 
MOflH(J)HHHpOBaHHeM  nOBepXHOCTH  pa60HHX  KpOMOK 
KBa3HaMOp4)HbIM  noKpbiraeM  SiC. 

HoBbie  nojie3Hbie  ajieMeHTbi  cy6cTpyKTypbi  4>hk- 
CHpyraTca  cnepHaJibHOH  CTa6HJiH3HpyioineH  TepMH- 
HeCKOH  o6pa6oTKOH.  CTOHKOCTb  TBepAOCIIJlaBHblX 

paSoHHX  3JieMeHTOB  HHCTpyMeHTa  b  ycjioBHBX  yaap- 
HO-a6pa3HBHoro  H3HOca  noBbimeHa  b  1 ,5-2,5  pa3a  b 
cpaBHeHHH  c  TOCT  3882-74. 


nOJIYHEHHE  nOJIH-  H  MOHO- 
KPHCTAJIJIHHECKHX  BOJIfcOPAMOBbIX 
H3AEJIHH  3JIEKTP0JIH30M 
PACnJIABJIEHHLIX  COJIEft 

A.M-MoanaHOB,  H.O.EcHHa,  O.H.BHHorpaaoB- 
)Ka6poB 

HHCTHTyT  BbICOKOTeMnepaTypHOH  3JieKTpOXHMHH 

YpO  PAH,  ExaTepHHOypr 

Ha  ocHOBaHHH  HccjieaoBaHHH  MexaHH3Ma  pocTa 
nojiH-  h  MOHOKpHCTajiJiHnecKoro  BO^btjjpaMa,  nojiy- 
neHHoro  3JieKTpojiH30M  pacnjiaBJieHHbix  cojien,  pas- 
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pa6oTaHbi  HayHHbie  ocHOBbi  TexHOJiorHH  nojiyneHHH 
BOJIb(])paMOBbIX  H3aejIHH  pa3JIHHHbIX  (j)OpM  H  OpHeH- 
TapHH  C  BblCOKOH  CTeneHbio  coBepiueHCTBa  CTpyKTy- 
pbl  (Tpy6KH,  THrJIH,  JIOflOHKH,  {Jjojit.ru). 

YHHKajIbHbie  CBOHCTBa  MOHOKpHCTajlJIOB  BOUbf})- 
paMa,  TaKHe  KaK  BbicoKaa  njiacTHHHOCTb,  HH3Koe 
ra30BbiflejieHHe,  CTOHKOcTb  k  B03fleHCTBHio  njia3Mbi 
h  mejioHHbix  MeTajuioB,  acecTKOMy  H3JiyMeHHK>,  a 
TaKJKe  pe3Kas  aHH30TpormH  pa6oTbi  Bbixoaa  3JieK- 
TpoHOB,  aejiaioT  ero  nepcneKTHBHbiM  fljia  TepMO- 
3MHCCH0HHbix  npeo6pa30BaTejieH  3HeprHH,  b  aaep- 
hoh  3HepreTHKe  h  paKeTHOH  TexHHKe,  b  KaiecTBe 
KOHTeHHepoB  .hjih  nojiyneHHH  oco6o  hhctux  MaTe- 
pHaJIOB. 


OnPEAEJIEHHE  OA30BLIX  PABHOBECHH  B 
CHCTEME  Ni-V-Nb-Ta-Cr-Mo-W  TIPH  1375  K 

E.M.CjirocapeHKo,  3.K).KepHM0B,  M.B.Co<J)bHH, 
A.E.MacTyxHH 

Mockobckhh  rocyflapcTBeHHbifi  yHHBepcHTeT 
HM.M.B.JIOMOHOCOBa,  XHMHHeCKHH  (J>aKyjIbTeT 

ripejuioaceH  cnoco6  nojiHSApapHH  MHoroKOMno- 
HeHTHbix  flHarpaMM  <j)a30Bbix  paBHOBecHH  c  noMO- 
ipbio  rpa(})OB,  n03BOJI«KJiyHH  (|)OpMajIH30BaTb  H  chc- 
TeMaTH3HpoBaTb  ,nnarpaMMbi  4>a30Bbix  paBHOBecHH, 
a  TaK  jKe  nporH03HpoBaTb  CTpoeHHe  MHoroKOMno- 
HeHTHbix  CHcreM  Ha  ochobc  6ojiee  npocTbix.  Ocyme- 
cTBJieHa  noJiH3flpapH«  chctcmm  Ni-V-Nb-Ta-Cr-Mo- 
W.  SKcnepHMeHtajibHbie  HccjieflOBaHHH  noKa3ajiH, 
HTO  MHOrO({)a3Hbie  paBHOBecHH  (c  4HCJ10M  (J)a3  >5)  B 
CHCTeMe  npn  1375  K  He  cymecTByioT.  YcTaHOBJieHbi 
Bee  (J)a30Bbie  paBHOBecna  (c  hhcjiom  (|>a3  4  hjih  5), 
KOTopbie  cymecTByioT  b  cHcreMe  Ni-V-Nb-Ta-Cr- 
Mo-W  npH  1375  K. 
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DEAR  LADIES  AND  GENTLEMEN, 

I  have  the  pleasure  to  welcome  the  participants  of  the 
Conference  "Rhenium,  Molybdenum,  Tungsten  - 
Prospects  for  Production  and  Industrial 
Applications".  This  Conference  is  dedicated  to 
discussion  of  issues  related  to  the  extension  of  sources 
for  production  of  rhenium,  molybdenum  and 
tungsten,  processes  for  extraction  of  these  metals  into 
commercial  products  (metals  and  compounds!; 
technologies  for  manufacture  of  structural  materials 
and  alloys,  as  well  as  catalysts  based  on  these  metals 
for  chemical  reactions;  new  fields  and  outlooks  for 
their  application. 

Gintsvetmet,  one  of  the  organizers  of  this 
Conference,  is  the  oldest  research  institute  in  the  field 
of  nonferrous  metallurgy.  In  1998  the  Gintsvetmet 
Institute  will  celebrate  its  80th  anniversary.  Processes 
and  technologies  developed  in  the  Institute  are  used 
by  most  of  non-ferrous  ore  processing  plants, 
smelters  and  metallurgical  facilities  throughout 
Russia  and  other  CIS  countries.  Over  the  recent  years 
special  attention  is  given  to  technology  for 
production  of  priority  and  structural  metals. 

Another  organizer  of  the  Conference  is  Russian 
Journal  Of  Nonferrous  Metals  "Tsvetnye  Metally". 
This  Journal  has  been  published  for  70  Vears  ana  is 
well  known  both  in  Russia  and  abroad.  Since  over  20 
years,  it  has  been  published  in  English  language  and 
circulated  by  Alerton  Press,  USA.  Researchers  and 
scientists  of  the  Gintsvetmet  Institute  are  working  in 
close  cooperation  with  this  Journal  and  are 
publishing  their  papers  in  it  on  most  recent 
developments.  Some  of  them  are  members  of  the 
Journal's  Editorial  Board. 

We  would  also  like  to  express  our  sincerest  gratitude 
to  the  United  States  Air  Force  European  Office  of 
Aerospace  Research  and  Development  and  the 
United  States  Office  of  Naval  Research,  Europe,  for 
their  significant  contribution  to  the  success  of  this 
Conference. 

I  would  like  to  wish  all  participants  fruitful  and 
successful  work  during  this  Conference.  We  hope  that 
it  will  provide  a  good  opportunity  to  establish 
relationships  between  researchers,  representatives  of 
the  industry  and  potential  investors. 

Andrey  Tarasov 

General  Director  of 
State  Research  Center 
"Gintsvetmet", 

Academician  of  International  and 
Russian  Engineering  Academies, 

Doctor  of  Technical  Sciences 
First  Deputy  Editor-in-Chief 
of  Russian  Journal  of 
“Nonferrous  Metals” 
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The  conference  is 
supported  by: 


♦  The  Department  of  Economics  of  the 
metallurgical  complex  of  the  Ministry  of 
Economics  of  the  Russian  Federation. 

♦  The  Russian  Academy  of  Natural  Sciences 

♦  The  Russian  Engineering  Academy 


The  participants  and  organizers  of  the 
conference  wish  to  thank  the  following  for  their 
contribution  to  the  success  of  this  conference: 


UNITED  STATES  AIR  FORCE  EUROPEAN 
OFFICE  OF  AEROSPACE  RESEARCH  AND 
DEVELOPMENT  (EOARD) 


UNITED  STATES  OFFICE  OF  NAVAL 
RESEARCH,  EUROPE 
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SECTION  I 


RAW  MATERIALS  AND  MINERAL 
PROCESSING 


DEVELOPMENT  AND  USE  OF  A  SOLVENT 
EXTRACTION  PROCESS  FOR  RHENIUM 
RECOVERY  FROM  URANIUM-BEARING 
ORES  OF  NAVOI  DEPOSITS 

N.M.  Meshcheryakov 

All-Russian  Scientific  Research  Institute  of  Chemical 
Technology,  Moscow 

Development  of  hydrometallurgical  methods  for 
processing  uranium  ores  in  the  1970- 1980s  resulted  in 
new  technologies  for  integrated  utilization  of  raw 
materials. 

Based  on  the  extensive  experience  in  the  field  of 
sorption  and  solvent-extraction  processes  available, 
investigations  were  initiated  in  1986  with  the  purpose 
to  develop  a  process  flow-sheet  for  rhenium 
extraction  from  uranium  ores  and  solutions  obtained 
by  underground  leaching  of  uranium  at  Navoi, 
Uzbekistan.  During  two  years  a  unique  flow-sheet 
and  non-standard  equipment  were  developed  which 
ensured  selective  recovery  of  rhenium  from  solutions 
containing  from  0. 1  to  0.3  mg/1  Re.  This  technology 
comprises  processes  for  selective  re-extraction  of 
rhenium  from  extraction  solutions  of  uranium 
production  circuits  with  subsequent  concentration 
and  separation  of  rhenium  from  uranium  and 
molybdenum.  The  crude  crystals  of  ammonium 
perrhenate  were  subjected  to  double  re-crystallization 
and  washing  with  ethyl  alcohol.  After  having  put  into 
operation  an  electrodialysis  unit,  the  purity  of 
ammonium  perrhenate  obtained  corresponds  to  AP-0 
grade. 

The  capacity  of  this  unit  ensures  an  output  of  1 .5  to 
2.0  tpy  of  ammonium  perrhenate  depending  on  the 
rhenium  content  in  the  uranium  feed  material 
supplied  to  the  hydrometallurgical  plant. 
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ISSUES  RELATED  TO  PROCESSING  OF 
UNCONVENTIONAL  RHENIUM-CONTAINING 
RAW  MATERIALS 


A.M.  Chekmarev,  I.D.  Troshkina,  D.G.  Petrov, 
Yu. A.  Kresova 

Russian  University  of  Chemical  Technology 
named  after  D.I.  Mendeleev,  Moscow 

Hydrometallurgical  techniques  for  rhenium  recovery 
from  intermediate  products  and  wastes  have  been 
discussed.  These  materials  are  generated  as  a  result  of 
integrated  processing  of  some  unconventional  raw 
materials  (spent  washing  sulfuric  acid,  effluents, 
recycled  water,  overflow  from  thickeners, 
hydrocarbon-containing  materials,  such  as 
bituminous  oil  shales,  highly  viscous  oils  and  natural 
bitumen,  hard  bitumen,  etc.). 

Basic  flow-sheets  have  been  developed  and 
successfully  tested  using  actual  available  products  as 
unconventional  raw  materials  for  rhenium  recovery. 


VOLCANIC  GASES  AS  A  NEW  RESOURCE  OF 
RHENIUM 

F.I.  Shaderman,  A.A.  Kremenetsky 

Institute  of  Mineralogy,  Geochemistry  and  Crystal 
Chemistry  of  Rare  Elements,  Moscow 

Using  the  Kudryavyi  volcano  (Iturup  Iceland,  Kuril 
Islands)  as  an  example,  rhenium  resources  of  volcanic 
gas  emissions  have  been  estimated.  This  new  source 
of  rare  metals  is  estimated  at  n-10  tpy  and  is  of  major 
practical  significance.  A  technology  has  been 
developed  for  recovery  of  rhenium  and  associated 
rare  metals  (In,  Ge,  Bi,  etc.)  by  absorption  of  metals 
from  the  gaseous  phase  with  natural  mineral 
sorbents.  Rough  economic  estimates  indicate  that 
this  resource  can  be  exploited  with  high  economic 
efficiency  of  production. 

This  report  contains  some  data  related  to  rhenium 
and  other  rare  metals  contents  of  gaseous  emissions 
of  various  volcanoes  worldwide.  Prospects  for  the  use 
of  this  new  source  of  rare  metals  raw  material  have 
been  discussed. 
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RECOVERY  OF  RHENIUM  AS  BY-PRODUCT 
OF  UNDERGROUND  URANIUM  LEACHING 


V.V.  Krotkov,  Yu.V.  Nesterov,  L.I.  Ruzin, 

M.F.  Sheremetyev 

J.-S.C.  “Atomredmetzoloto”,  Moscow 
All-Russian  Scientific  Research  Institute  of  Chemical 
Technology,  Moscow 

Effective  solvent-extraction  and  solid  ion-exchange 
processes  for  recovery  of  rhenium  as  by-product  from 
leach  solution  from  in  situ  leaching  of  uranium  ore 
and  containing  0. 1-0.5  mg/dm3  Re  have  been  tested 
and  proven. 

A  mixture  of  trialkylamine  and  tributyl  phosphate  in 
a  diluent  was  used  as  extractant.  Sorbents  were  AM- 
p  and  AMP  anionic  resins  and  activated  carbon. 
Rhenium  recovery  from  leach  solutions  using 
activated  carbon  was  as  high  as  90-95%  with  a 
concentration  degree  of  400-500. 

Elution  of  Re  from  anionic  resins  was  performed 
with  the  aid  of  H2SO4  solutions  under  stripping 
conditions,  whereas  in  the  case  of  activated  carbon 
ammonia  was  used  with  subsequent  concentration  by 
ampholytes  of  VP-14KR  or  VP-18KR  grades. 

The  final  product  is  ammonium  perrhenate. 


RECOVERY  OF  RHENIUM  AS  BY-PRODUCT 
OF  TREATMENT  OF  MOLYBDENITE  AND 
COPPER-NICKEL  CONCENTRATES  WITH  THE 
AID  OF  SELECTIVE  ION-EXCHANGE  RESINS 

A.A.  Blokhin,  A.A.  Kopyrin 

St.  Petersburg  State  Institute  of  Technology 

In  the  process  of  treatment  of  molybdenite 
concentrates  using  nitric  acid  scheme  route,  rhenium 
contained  in  the  concentrates  reports  to  nitrate  and 
sulfate  mother  solutions,  while  in  the  case  of 
processing  of  copper-nickel  concentrates  by 
pyrometallurgical  route,  it  reports  into  washing 
sulfuric  acid  in  wet  gas  cleaning  systems.  Various 
weakly  and  strongly  anionic  resins  with  gel  and 
porous  structures  have  been  investigated  to  study 
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their  selective  properties  with  respect  to  rhenium.  A 
weakly  anionic  resin  has  been  selected  which  has 
selectivity  with  respect  to  rhenium  and  sorption 
capacity  not  inferior  to  best  strongly  anionic  resins; 
at  the  same  time,  it  can  be  readily  regenerated  with 
ammonia  solutions.  It  has  been  demonstrated  that  it 
can  be  used  for  effective  rhenium  extraction  from 
sulfuric  acid  and  nitric/sulfuric  acid  solutions 
containing  molybdenum. 


IMPROVEMENT  OF  TECHNOLOGY  FOR 
PROCESSING  COPPER-MOLYBDENUM  ORES 
FROM  "ERDENET-OVOO”  DEPOSIT 

S.'Davaanyam,  I.Sh.  Sataev,  Zh.  Baatarkhuu, 
A.M.  Desyatov,*  M.I.  Khersonsky* 

ERDENET  Joint  Venture,  Mongolia 
*RF  State  Research  Center,  State  Scientific  Research 
Institute  of  Nonferrous  Metals  “GINTSVETMET”, 
Moscow 

The  annual  molybdenum  output  of  ERDENET  Joint 
Venture  is  2,000  tonnes.  The  flow-sheet  of  the  ore 
treatment  plant  comprises  bulk  flotation  to  produce 
copper-molybdenum-pyrite  product,  its  oxidizing 
steaming  (after  thickening)  in  lime  medium  at  80- 
90°C  during  60-90  minutes,  flotation  of  molybdenite 
after  washing,  cleaning  of  the  froth  product  (8 
cleaner  operations)  using  sodium  sulfide,  flotation  of 
copper  minerals  to  recover  copper  from  the  scavenger 
underflow  of  molybdenum  flotation  with  depression 
of  pyrite  with  lime. 

The  said  flow-sheet  ensures  planned  performance 
values  with  a  relative  copper  content  in  the  form  of 
primary  sulfides  not  exceeding  40%.  In  accordance 
with  the  annual  mining  schedule  for  a  few  next  years, 
it  is  expected  that  the  portion  of  primary  ores  will 
increase,  and  in  this  connection  investigations  have 
been  carried  out  with  the  aim  to  improve  the  ore 
processing  technology. 

Laboratory  and  semi-commercial  tests  of  a  number 
of  ore  samples  have  indicated  that  it  is  possible  to 
produce  copper-molybdenum  concentrates  with  high 
copper  contents  in  the  bulk  flotation  circuit  using 
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collectors  selective  with  respect  to  pyrite  (isopropyl 
aeroflot,  S-703)  instead  of  butyl  xanthate. 

Currently,  preparations  are  made  for  commercial- 
scale  tests  of  the  said  processing  technology  in  one  of 
the  plant  sections. 


PROSPECTS  FOR  THE  USE  OF  MEMBRANE 

TECHNIQUES  FOR  PROCESSING  RHENIUM- 
CONTAINING  SOLUTIONS 

I.D.  Troshkina,  A.M.  Chekmarev,  A.B.  Maiboroda, 
D.G.  Petrov,  V.F.  Malykhin 

Russian  University  of  Chemical  Technology  named 
after  D.I.  Mendeleev,  Moscow 
Zhezkazgan  Redmet,  Kazakhstan 

Membrane  techniques  have  been  proven  for  selective 
recovery  and  concentration  of  rhenium  from  complex 
multi-component  systems,  in  particular,  the  method 
of  complex  formation  and  ultrafiltration  (CF-UF) 
based  on  addition  of  polyelectrolyte  (PE)  to  the 
solution  to  form  a  complex  with  the  valuable 
constituent  and  subsequent  ultrafiltration. 
Preliminary  studies  were  carried  out  to  investigate 
aggregate  stability  of  polyelectrolytes  in  aqueous 
systems  with  introduction  of  anions.  Anion 
concentrations  were  determined  at  which  PE  started 
to  coagulate.  The  effects  of  external  factors  (pH 
value,  ratio  of  PE  to  perrhenate  ion,  behavior  of 
impurities)  on  the  separation  characteristics  of  the 
CF-UF  process  were  studied.  PE  regeneration 
conditions  were  determined.  The  effect  of  the  number 
of  extraction-regeneration  cycles  on  the  rhenium 
recovery  was  investigated.  Basic  process  flow-sheets 
were  developed  and  successfully  tested  to  recover 
rhenium  from  effluents  and  recycled  water,  as  well  as 
from  thickener  overflow  at  two  plants. 
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HYDROMETALLURGICAL  RECOVERY  OF 
RHENIUM  AND  MOLYBDENUM  FROM 
TECHNOGENIC  RAW  MATERIALS 

A.G.  Kholmogorov,  O.P.  Kalyakina, 

O.N.  Kononova,  S.V.  Kachin 

Krasnoyarsk  State  University,  Institute  of  Chemistry 
and  Chemical  Technology,  Siberian  Division  of 
Russian  Academy  of  Sciences,  Krasnoyarsk 

Studies  have  been  conducted  to  investigate 
technological  processes  for  sorption  concentration  of 
rhenium  on  anion-exchange  resins  having  non- 
porous  and  porous  structure  with  heterocyclic  amines 
and  recovery  of  molybdenum  on  anion-exchange 
resins  with  macroporous  structure  on  the  basis  of  co¬ 
polymers  with  long-chain  binding  agents  and 
polyamines  widely  proven  on  industrial  solutions 
with  various  salt  background  and  production  of  pure 
rhenium  and  molybdenum  salts.  Anion-exchange 
resins  of  AN-82,  AN- 105,  AN- 106,  and  AN- 108 
grades  can  be  recommended  for  the  use  in 
commercial  units  for  processing  rhenium-  and 
molybdenum-bearing  secondary  raw  materials  by 
hydrometallurgical  route,  as  well  as  for  treating 
primary  mineral  raw  materials  (including  tungsten- 
containing  materials). 


PRODUCTS  OF  VOLCANIC  ACTIVITY  -  RAW 
MATERIALS  FOR  PRODUCTION  OF 
RHENIUM  AND  OTHER  METALS 

G.S.  Shteinberg 

Institute  of  Volcanology  and  Geodynamics, 

Y  uzhno-Sakhalinsk 

The  results  of  specialized  geochemical,  chemico- 
technological  and  geologo-economical  investigations 
of  principal  possibility  of  extraction  of  rhenium  and 
other  valuable  components  from  volcanic  rocks  of 
Kudryavyi  volcano  are  presented.  Average  rhenium 
concentration  in  rock  and  in  areas  of  fumarol 
volcanic  activity  makes  30  g/t,  23  components 
including  La,  Sm,  Ag,  Au  were  determined  totally. 
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Investigations  aimed  at  identifying  new 
mineralization  zones  have  been  continued. 


A  STUDY  ON  THE  BEHAVIOR  OF 
MOLYBDENUM  AND  RHENIUM  IN  THE 
PROCESS  OF  TREATMENT  OF  LEAD- 
CONTAINING  INTERMEDIATE  PRODUCTS 

T.N.  Greiver,  E.E.  Sergeeva,  T.N.  Vergizova, 

I.G.  Zaitseva 

St.  Petersburg  State  Mining  Institute 

In  the  process  of  water  leaching  of  converter  dusts 
from  copper-nickel  smelters  about  5-30%  of  Re  and 
25-40%  of  Mo  is  not  extracted  and  remains  in  the 
lead-containing  residue.  Certain  regularities  in  the 
behavior  of  these  metals  in  the  process  of  lead 
recovery  with  the  aid  of  chloride  and  alkaline 
solutions  have  been  investigated.  It  has  been 
demonstrated  that  it  is  feasible  to  recycle  alkaline 
solutions  with  accumulated  molybdenum.  For  the 
conditions  of  the  Severonickel  Smelter,  a  flow-sheet 
has  been  proposed  which  comprises  blending  of 
solutions  from  water  and  alkaline  leaching  and  it  has 
been  demonstrated  that  the  Re  and  Mo  recovery  into 
these  combined  solutions  amounts  to  99-100%  and 
97-100%,  respectively.  Extraction  of  Mo  and  Re  from 
solutions  is  accomplished  with  the  aid  of  selective 
sorption  on  anionic  resins. 


ION-EXCHANGE  PROCESSES  FOR  EFFECTIVE 
SEPARATION  AND  PURIFICATION  OF 
TUNGSTEN  AND  MOLYBDENUM 

A.A.  Blokhin,  A.A.  Kopyrin,  E.A.  Pirmatov, 

I.S.  Asadov 

St.  Petersburg  State  Institute  of  Technology, 
Uzbek  Refractory  and  Heat-resistant  Metals  Plant 

Ion-exchange  processes  for  purification  of 
ammonium  molybdate  and  ammonium  tungstate 
solutions  to  remove  tungsten  and  molybdenum, 
respectively,  have  been  developed  and  introduced  on 
a  commercial  scale.  The  former  process  is  designed  to 
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adjust  the  parameters  of  -feed  solution  and 
subsequently  pass  it  through  a  column  with  anion- 
exchange  resin,  which  selectively  sorbs  tungsten;  the 
latter  process  is  based  on  treatment  of  feed  solution 
with  measured  amounts  of  sulfidizing  reagent  to 
convert  molybdenum  into  thiocomplexes,  after  which 
it  is  passed  through  a  column  containing  anion- 
exchange  resin  selectively  sorbing  molybdenum 
thiocomplexes.  The  use  of  these  processes  ensures  a 
decrease  in  the  said  impurities  concentrations  by  a 
factor  of  at  least  100  and  production  of  respective 
salts  with  a  content  of  the  impurity  element  of  n  (10  4- 
1  O'3)  %  by  mass. 


SOLVENT-EXTRACTION  TECHNIQUES 
FOR  PROCESSING  TECHNOGENIC 
RHENIUM-CONTAINING  RAW 
MATERIALS 

V.F.  Travkin,  N.E.  Nekhoroshev 

RF  State  Research  Center,  State  Scientific 
Research  Institute  of  Nonferrous  Metals 
“GINTSVETMET” 

Leaching  of  technogenic  rhenium-containing  raw 
materials  can  produce  hydrochloric,  nitric  or  sulfuric 
acid  or  alkaline  leach  solutions.  The  most  efficient 
method  for  selective  recovery  of  rhenium  from  such 
solutions  is  solvent  extraction. 

The  solvent  extraction  of  rhenium  is  dependent  not 
only  on  the  nature  of  the  organic  extractant  used,  but 
also  on  the  acidity  of  the  aqueous  phase,  valence  of 
rhenium,  nature  and  concentration  of  leachant,  as 
well  as  the  nature  of  organic  diluent. 

In  order  to  extract  rhenium  from  weakly  acidic 
aqueous  solutions  (pH=2-3),  it  is  reasonable  to  use 
tertiary  and  secondary  aliphatic  amines. 

Extraction  technology  has  been  tested  for  rhenium 
recovery  from  spent  catalysts  to  produce  metallic 
rhenium  or  ammonium  perrhenate. 
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DEVELOPMENT  AND  TESTING  OF  SOLVENT- 
EXTRACTION  PROCESS  FOR  RHENIUM 
RECOVERY  FROM  LEAD-CONTAINING 
DUSTS  SULFATIZATION  SOLUTIONS 

G.K.  Kulmukhamedov,  L.M.  Kopanev,  I. Yu. 
Fleitlikh,*  G.L.  Pashkov*,  A.I.  Kholkin** 

I-S.C.  “Gidrotsvetmet  Institute”,  Novosibirsk 
*  Institute  of  Chemistry  and  Chemico-metallurgical 
Processes,  Siberian  Division  of  the  Russian  Academy 
of  Sciences,  Krasnoyarsk 
**Institute  of  General  and  Inorganic  Chemistry, 
Russian  Academy  of  Sciences,  Moscow 

The  rhenium  recovery  form  sulfate-chloride  solutions 
from  lead  production  using  solvent-extraction  with 
trialkylamine  (TAA)  is  hindered  by  concurrent 
extraction  of  rhenium  and  cadmium. 

The  report  presents  the  following  results  of  a  series  of 
studies  aimed  at  development  of  a  rhenium  extraction 
process  for  chloride-sulfide  solutions  obtained  as  a 
result  of  lead-bearing  dusts  processing: 

•  solvent  extraction  of  rhenium  and  cadmium  has 
been  investigated  using  mixtures  of  TAA  and 
various  organic  acids; 

•  optimum  composition  of  an  extractant  for 
maximum  rhenium  recovery  has  been  determined; 

•  feasibility  of  selective  separation  of  rhenium  and 
cadmium  at  the  re-extraction  stage  has  been 
demonstrated; 

•  results  of  enlarged  laboratory  scale  and 
commercial-scale  tests  have  been  presented  for 
dusts  from  the  sintering  plant  of  the  Chimkent 
lead  smelter. 

The  said  technology  has  been  patented  in  Russia  and 
Kazakhstan. 


DEVELOPMENT,  INTRODUCTION  AND 
IMPROVEMENT  OF  SOLVENT-EXTRACTION 
PROCESS  FOR  AMMONIUM 
PARATUNGSTATE  PRODUCTION 

G.P.  Giganov,  V.G.  Giganov 

RF  State  Research  Center,  State  Scientific  Research 
Institute  of  Nonferrous  Metals  “GINTSVETMET” 


The  solvent-extraction  technology  developed  in  the 
Gintsvetmet  Insitute  for  tungsten  recovery  was 
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introduced  commercially  at  the  Nalchik 
Hydrometallurgical  Plant  in  1985  and  at  the 
Kirovograd  Sintered  Carbide  Plant  in  1996. 
Technical-grade  trialkylamine  containing  85% 
tertiary  amines  was  used  as  an  extractant. 

Taking  into  consideration  some  serious  drawbacks  of 
this  extractant,  a  modified  reagent  has  been 
developed  and  introduced  at  both  of  the  above 
plants,  which  made  it  possible  to: 

•  completely  eliminate  formation  of  a  third  phase, 
reduce  the  concentrations  of  extractant  and  acid 
for  acidification; 

•  reduce  the  concentration  of  free  extractant  and 
co-extraction  of  impurities,  ensuring  thereby 
better  quality  of  the  final  product. 

However,  the  extraction  is  accomplished  in  acidic 
solutions  with  a  pH  value  of  1.5-2,  which  causes 
corrosion  of  equipment  and  an  excessive 
consumption  of  reagents. 

As  a  result  of  the  studies  conducted,  an  extractant 
has  been  found  capable  to  extract  tungsten  at  pH=5- 
5.5,  which  substantially  simplifies  maintenance  of  the 
equipment. 

A  technology  has  been  developed  for  direct  tungsten 
extraction  from  soda  solutions  obtained  as  a  result  of 
pressure  leaching  of  scheelite  concentrates. 

After  the  tungsten  extraction,  the  soda  solution  with 
impurities  is  recycled  to  the  pressure  leaching  circuit. 
Any  use  of  acids  has  been  eliminated  and  the 
discharge  of  salt  solutions  substantially  reduced. 


UTILIZATION  OF  TAILINGS  GENERATED  BY 
THE  INGICHKINSKI  TUNGSTEN  MINE 

A.B.Yezhkov,  Kh.Sharipov,  I.O.Shnel 

National  Organization  “SpetsSplav”,  Tashkent 
Ingichkinski  Experimental  Expedition,  Ingichki, 
Uzbekistan 

As  a  result  of  processing  ores  from  the  Ingichkinski 
tungsten  deposit,  substantial  amounts  of  tailings 
have  been  accumulated  with  tungsten  oxide  contents 
of  0,07-0,08%. 

Technological  tests  and  marketing  studies  have 
demonstrated  that  it  appears  reasonable  to  upgrade 
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the  tailings  using  gravity  benefication  methods  to 
produce  tungsten  concentrates  suitable  for 
commercial  processing  in  Uzbekistan. 

Tests  were  run  at  the  Ingichkinski  ore  processing 
plant  using  a  continuous  process  flow-sheet 
comprising  three  stages  of  benefication:  cone 
separators,  four-deck  concentration  tables  of  SKO-30 
type  and  concentration  table  of  SKM-7,5  type,  and 
magnetic  separator  of  EBV-1  type.  The  tests  made  it 
possible  to  select  optimun  process  conditions 
ensuring  production  of  tungsten  concentrate 
containing  25-30%  tungsten  oxide. 

A  study  of  hydrometallurgical  processing  of  the 
concentrate  produced  has  indicated  that  tungsten 
recoveries  of  as  high  as  91-98%  might  be  obtained  by 
autoclave  soda  leaching. 

The  said  technology  for  processing  of  stockpiled 
tailings  has  been  introduced  on  commercial  scale. 


ORGANIZATION  OF  COMMERCIAL 
RECOVERY  OF  RHENIUM  AND  OTHER 
VALUABLE  CONSTITUENTS  FROM 
SECONDARY  RAW  MATERIALS 

A.V.Yelutin,  M.V.Istrashkina,  Z.A.Peredereeva, 
M.N.Butova 

State  Research  Center  of  RF,  State  Research 
Institute  of  Rare-Metals  Industry  "Giredmet", 
Moscow 

The  paper  presents  data  relating  to  efficient 
techniques  for  recovery  of  rhenium  and  other 
valuable  constituents  from  various  types  of 
secondary  raw  materials  (spent  alumino- 
platinorhenium  catalysts  and  rhenium-containing 
alloys). 

Economic  viability  of  processing  of  secondary 
rhenium-bearing  raw  materials  has  been 
demonstrated. 

In  order  to  extract  rhenium  and  platinum  from  spent 
alumino-platinorhenium  catalysts  several  process 
routes  have  been  proposed  which  differ  from  each 
other  in  the  methods  used  both  for  opening-up  and 
subsequent  extraction  of  rhenium  and  platinum.  All 
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technical  decisions  developed  guarantee  high  rhenium 
and  platinum  recoveries  (93%  and  98%,  respectively). 
Methods  for  processing  of  rhenium-containing  alloys 
(both  binary  and  multicomponent)  designed  for 
extraction  of  rhenium  and  other  valuable  constituten 
(nickel,  cobalt,  tantalum,  tungsten,  molybdenum)  are 
discussed. 


RARE  METALS  PRODUCTION  AND  MINERA1 
RESOURCES  IN  UZBEKISTAN 

Kh.T.Sharipov,  E.I.Nikolaeva, 
M.A.Kazhikhin 

National  Organization  "SpetsSplav" 

Institute  of  Mineral  Resources,  Tashkent,  Uzbekistan 

One  of  the  first  priorities  in  the  current  development 
of  the  Republic  of  Uzbekistan  is  development, 
utilization  and  extension  of  the  mineral  reserves  of 
rare  metals  and  trace  elements,  as  well  as  an  increase 
in  their  production  for  both  domestic  consumption 
and  export.  In  order  to  attain  this  objective  the  RU 
State  Committee  of  Geology  has  conducted  an 
analysis  of  the  prospects  for  development  of  the 
reserves  of  trace  elements,  elaborated  scientific 
methods  for  forecasting,  prospecting  and  appraisal  of 
rare  metals  occurrences,  and  carried  out  studies  of 
the  mineralogical  and  geochemical  properties  of  the 
existing  deposits,  including  the  use  of 
unconventional  types. 

It  has  been  demonstrated  that  the  Republic  of 
Uzbekistan  has  considerable  geological  reserves  of 
rare  metals  and  trace  elements;  as  for  molybdenum 
and  rhenium  resources  it  is  among  the  first  ten 
countries  in  the  world  and  hold  third  place  among 
the  CIS  countries.  The  degree  of  proven  reserves  is 
fairly  high,  the  ratio  of  proven  reserves  to  these 
currently  exploited  is  3:1. 

Currently,  the  main  source  for  molybdenum  and 
rhenium  production  is  molybdenum  concentrates 
from  unique  complex  copper-containing  porphyry 
deposit  of  the  Almalyk  region.  The  ore  containing 
over  10  associated  valuable  constituents  is  processed 
at  the  Almalyk  Mining  and  Metallurgical  Complex. 
However,  the  qualitative  characteristics  of  trace 
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elements  reserves  are  not  quite  satisfactory  with 
respect  to  up-to-date  requirements,  which 
necessitates  improvement  of  techniques  used  both  for 
mining  and  especially  for  treatment  of  ores. 

Issue  related  to  the  use  of  secondary  raw  materials 
have  been  also  discussed. 


ASPECTS  AND  CURRENT  STATUS  OF 
INTEGRATED  PROCESSING  OF  ORES  AND 
OTHER  RAW  MATERIALS  CONTAINING  RARE 
METALS 

Kh.T.Sharipov 

National  Organization  “SpetsSplav” 

Institute  of  Chemistry,  Academy  of  Sciences  of  the 
Republic  of  Uzbekistan,  Tashkent, 

It  has  been  demonstrated  that  some  specific 
geochemical  features  of  ore  formation  processes  in 
Central  Asia  contributed  to  concentration  of  many 
rare,  trace,  noble  and  rare-earth  metals.  Ore  deposits 
of  this  region  are  unique  as  to  their  mineralogical  and 
chemical  forms  of  accurrence.  On  the  other  hand, 
development  of  the  mining,  metallurgical,  chemical 
and  petrochemical  industries  resulted  in  generation  of 
secondary  and  man-made  sources  of  rare  metals. 
Based  on  geological  and  geochemical  investigations, 
data  have  been  obtained  which  refer  to 

concentrations  of  rare,  trace  and  other  metals  in 
polymetallic  raw  materials  and  ores  (“sandstone 
type”).  Distribution  of  valuable  constituents 
throughout  various  steps  of  benefication  and 
metallurgical  processing  at  mines  and  metallurgical 
facilities  of  Uzbekistan  has  been  studied  with  the  aid 
of  modern  analytical  instruments. 

Using  Re  and  Co  as  examples,  it  has  been 
demonstrated  that  there  are  ways  for  improving  the 
metals  recoveries  from  waste  materials,  residues,  and 
sludges;  results  of  metallurgical  tests  are  discussed. 
Some  non-conventional  raw  material  sources  for  rare 
metals  production  are  considered,  i.e.,  technogenic 
wastes  generated  by  the  chemical,  petrochemical,  and 
electronics  indusctries.  Data  is  presented  relating  to 
processing  of  spent  catalysts  containing  Mo,  Bi,  Co, 
and  other  valuable  metals.  It  has  been  demonstrated 
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that  electronic  scrap  and  wastes  can  be  effectively 
utilized  for  precious  metals  extraction;  waste  cakes 
and  tailings  accumulated  in  Uzbekistan  can  be  used 
as  valuable  raw  materials. 

Issues  relating  to  production  of  metals  of  high  purity 
(99,99%  and  99,999%)  and  products  thereof  both  for 
export  and  as  substitutes  for  imported  materials,  are 
discussed. 


SECTION  II 


METHODS  FOR  TREATMENT  OF  RAW 
MATERIALS,  PRODUCTION  OF 
METALS  AND  METAL  COMPOUNDS 


CURRENT  STATE  AND  OUTLOOKS  FOR 
DEVELOPMENT  OF  TUNGSTEN- 
MOLYBDENUM  INDUSTRY  IN  CIS 
COUNTRIES 

E.I.  Gedgagov,  A.D.  Besser 

RF  State  Research  Center,  State  Scientific  Research 
Institute  of  Nonferrous  Metals  “GINTSVETMET” 

Data  related  to  raw  material  reserves,  the  level  of 
technology  and  quality  of  products  manufactured  by 
enterprises  of  the  tungsten-molybdenum  industry  in 
the  CIS  countries  are  presented.  The  main  factors,  on 
which  penetration  into  the  world  markets  is 
dependent,  include  lower  production  cost,  improved 
quality  of  products  to  be  ensured  by  using  state-of- 
the-art  technologies,  such  as  ion-exchange  processes 
in  hydrometallurgy,  plasma  chemical  processes  in 
powder  metallurgy,  etc.  It  is  essential  to  introduce 
some  advanced  developments  made  in  a  number  of 
research  institutions  for  production  of  high-grade 
concentrates,  liberation  of  upgraded  products  and 
waste  materials,  treatment  of  pure  compounds  of 
molybdenum,  tungsten,  and  rhenium  to  produce 
metals  and  products. 
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PROSPECTS  FOR  METALLOTHERMY 
IN  PRODUCTION  OF  REFRACTORY 
TRACE  METALS  AND  THEIR 
COMPOUNDS 

V.V.  Lazarenko,  A.P.  Parshin,  V.V.  Shatalov 

All-Russian  Scientific  Research  Institute  of  Chemical 
Technology,  Moscow 

Metaliothermic  processes  have  especially  promising 
prospects  for  development  of  resource-conservation 
and  energy-saving  processes  not  only  for  production 
of  master  alloys,  alloys  and  pure  metals,  but  also 
some  inorganic  compounds  with  high  properties. 

The  research  results  obtained  over  the  recent  years 
made  it  possible  to  develop  high-efficiency  processes 
on  the  basis  of  metallothermy,  and  in  particular 
aluminothermy  for  production  of: 

a)  Re-Mo-Ni-Al  master  alloy  for  aircraft  industry; 

b)  high-quality  fused  tungsten  carbide  required  for 
manufacture  of  both  drill  tools  and  hard  alloys; 

c)  fused  metal  molybdenum. 


CONTINUOUS  UNIT  FOR  HYDROGEN 
REDUCTION  OF  REFRACTORY  METALS 
POWDERS 

M.M.  Spivak,  V.E.  Khrapunov,  A.T.  Shoinbayev, 
Zh.A.  Akimzhanov 

Institute  of  Metallurgy  and  Mineral  Benefication, 
Almaty,  Kazakhstan 

A  continuous  vibration-type  unit  for  hydrogen 
reduction  of  refractory  metals  powders  has  been 
developed. 

The  said  vibration-type  unit  permits  a  substantial 
decrease  in  the  production  cost  as  compared  with 
conventional  equipment  due  to  automation  of  the 
process  and  lower  electric  power  and  hydrogen 
requirement. 
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PRODUCTION  OF  REFRACTORY 
METALS  USING  SORPTION 
PROCESSES 


V.A.  Peganov,  A.N.  Vaskakov, 

T.V.  Molchanova,  T.P.  Kharina 

All-Russian  Scientific  Research 
Institute  of  Chemical  Technology,  Moscow 

Based  on  the  experience  gained  by  application  of  ion- 
exchange  techniques  for  hydrometallurgical  uranium 
extraction,  some  process  flow-sheets  have  been 
developed  for  treating  various  raw  materials 
containing  refractory  metals.  The  basis  for  such  flow¬ 
sheets  is  sorption  processes  for  extraction  and 
concentration  of  metals  ensuring  high  quality  of 
products  and  improved  overall  recovery  of  valuable 
metals. 

The  most  efficient  ion-exchange  resins  are  sorbents  of 
vinylpyridine  type.  Special-purpose  synthesis  has 
permitted  an  effective  combination  of  advantages  of 
macroporous  structure  of  the  sorbent  and  chemical 
properties  of  refractory  metals. 

Extensive  prospects  for  sorption  technology 
application  will  extend  the  raw  materials  basis  for 
production  of  refractory  metals. 


NEW  TRENDS  IN  TECHNOLOGY  OF 
PRIMARY  PROCESSING  OF  TUNGSTEN 
CONCENTRATES 

A.S.  Medvedev 

Moscow  Institute  of  Steel  and  Alloys 

A  review  of  new  technologies  developed  in  the 
Moscow  Institute  of  Steel  and  Alloys  and  in 
cooperation  with  the  Giprotsvetmet  Institute  is 
presented  covering  processes  for  primary  processing 
of  tungsten-bearing  raw  materials:  double-stage 
autoclave  soda  leaching  of  wolframite  and  scheelite 
concentrates  with  recycling  of  a  part  of  waste  cakes 
to  the  head  of  the  process;  autoclave  soda  leaching  of 
wolframites  mechanochemically  modified  in  calcium 
salt  solutions;  oxidation  leaching  including  high- 
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temperature  autoclave  soda  leaching  of  wolframites; 
various  modifications  of  low-temperature  leaching  of 
wolframites  with  alkali  solutions;  nitric  acid  leaching 
of  scheelite  concentrates  with  recycling  of  a  part  of 
tungstic  acid  to  the  head  of  the  process, 
decomposition  of  wolframites  in  low-melting  eutectic 
melt  of  soda  and  saltpeter. 


RHENIUM  AND  OSMIUM  RECOVERY 
IN  THE  PROCESS  OF  ROASTING  OF 
MOLYBDENUM-BEARING 
INTERMEDIATE  PRODUCT 

T.N.  Greiver,  E.V.  Popkov,  V.M.  Piletsky, 
Yu.N.  Tsoi,  B.P.  Rudenko 

St.  Petersburg  State  Mining  Institute 
Almalyk  Mining  and  Metallurgical  Complex, 
Uzbekistan 

A  process  flow  diagram  has  been  developed  for 
integrated  processing  of  molybdenum-bearing 
intermediate  product  comprising  its  roasting  in  order 
to  evaporate  osmium  and  rhenium  into  a  gaseous 
phase,  their  absorption  and  subsequent  recovery,  as 
well  as  processing  of  cinder  using  conventional 
techniques.  The  said  intermediate  product  obtained 
at  Almalyk  has  a  high  content  of  organic  matter, 
which  results  in  scattering  of  fumes  throughout  the 
flue  ducts  and  hinders  their  concentration.  Feasibility 
of  combustion  of  the  organic  constituents  directly  in 
the  furnace  unit  has  been  investigated  and  as  a  result 
a  recovery  of  at  least  92%  of  rhenium  and  osmium 
from  the  intermediate  product  into  the  fumes  was 
achieved  along  with  a  high  degree  of  their  absorption 
from  the  gaseous  phase.  An  improved  design  of  a 
shaft  furnace  for  molybdenum  middling  roasting  has 
been  proposed. 
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TECHNOLOGY  FOR  RHENIUM 
RECOVERY  FROM  SOLUTIONS 
WITH  EXTREMELY  LOW 
CONCENTRATIONS 

V.I.  Volk,  A.Yu.  Vakhrushin,  A.D.  Besser* 

RF  State  Research  Center,  All-Russian  Scientific 
Research  Institute  of  Inorganic  Materials  named 
after  Academician  A.A.  Bochvar 

*RF  State  Research  Center,  State  Scientific  Research 
Institute  of  Nonferrous  Metals  “GINTSVETMET” 

A  processing  technology  has  been  developed  for 
rhenium  recovery  from  process  solutions  obtained  at 
copper  production  plants  and  containing  about  0.1 
mg/1  Re  (recycled  solutions  at  ore  treatment  plants, 
drainage  effluents  from  tailings  ponds,  etc.).  The  said 
technology  is  based  on  rhenium  recovery  from 
aqueous  solutions  using  strongly  anionic  resins, 
elution  of  rhenium  from  resins  with  organic  solutions 
of  tertiary  amines  and  subsequent  re-extraction  of 
rhenium  from  amines  with  aqueous  ammonia 
solutions. 

The  tests  conducted  at  a  pilot  plant  (six  full-scale 
process  circuits)  using  actual  process  solutions  of  the 
DzhezkazganTsvetmet  Company  have  indicated  that 
a  recovery  of  70-80%  of  rhenium  from  such  solutions 
can  be  achieved  with  concentration  rates  of  10M04. 
Despite  the  complex  composition  of  the  solutions 
used  and  the  presence  of  organic  impurities  (flotation 
reagents,  flocculants,  etc.),  no  degradation  of  the 
anion-exchange  resin  and  the  amine  solution  was 
recorded,  while  the  process  itself  remained  stable. 

In  the  same  process,  about  40-50%  of  copper 
dissolved  in  the  process  solutions  was  recovered  as 
by-product.  The  bulk  of  copper  readily  separates 
from  rhenium  at  the  stage  of  washing  of  saturated 
sorbent  with  aqueous  ammonia  solution  to  remove 
slimes  prior  to  rhenium  elution  with  amine  solution. 
The  final  eluate  contains  100-200  mg/1  copper  and 
400-600  mg/1  rhenium;  it  can  be  further  processed 
using  conventional  solvent-extraction  or  sorption 
techniques  to  produce  ammonium  perrhenate. 
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OPTIMIZATION  OF  DILUENT  FOR  RHENIUM 
(VII)  EXTRACTION  WITH  TRIALKYLAMINES 

V.I.  Volk,  A.Yu.  Vakhrushin 

RF  State  Research  Center,  All-Russian  Scientific 
Research  Institute  of  Inorganic  Materials  named 
after  Academician  A.A.  Bochvar 

Extraction  properties  of  a  system  based  on 
trialkylamine  solution  in  polyalkylbenzene  as  an 
extractant  for  rhenium  (VII)  recovery  from  sulfuric 
acid  solutions  have  been  investigated.  The  parameters 
obtained  were  compared  with  those  of  a  common 
commercial  extractant  (trialkylamine  solution  in  a 
mixture  of  technical-grade  alcohols  and  kerosene). 
The  proposed  system  possesses  somewhat  higher 
extraction  ability  with  respect  to  rhenium  due  to  the 
absence  of  the  depressing  effect  of  alcohol.  The 
solubility  of  amine  sulfates  in  polyalkylbenzene  is 
comparable  with  that  of  the  alcohol-kerosene  diluent, 
but  the  fact  that  the  former  consists  of  only  two 
components  substantially  simplifies  the  control  over 
its  composition  in  commercial  processes. 

As  a  polyalkylbenzene,  it  is  proposed  to  use  a 
mixture  of  triethylbenzene  isomers  (including  at  least 
75%  of  1,  3,  5-triethylbenzene),  which  ensures  an 
optimum  combination  of  physical  and  chemical 
properties  (isotherm  of  rhenium  (VII)  extraction  with 
trialkylamine,  viscosity,  surface  tension)  and 
technological  properties  of  the  extractant  (solubility 
in  aqueous  solutions,  rate  of  delamination,  flash 
point  of  organic  solution). 


SOME  PROCESSES  FOR  PRODUCTION  OF 
TUNGSTEN  COMPOUNDS 

N.N.  Rakova,  A.V.  Balzovsky,  L.M.  Leonova,  V.K. 
Rumyantsev* 

Moscow  Institute  of  Steel  and  Alloys 
*AU-Russian  Scientific  Research  Institute  of  Hard 
Alloys,  Moscow 

Ammonium  paratungstate  (APT)  is  an  intermediate 
product  for  tungsten  production;  its  properties  and 
methods  of  production  are  dependent  on  the  quality 
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requirements  for  particular  tungsten  products.  In  the 
recent  years,  special  high-purity  APT  is  used  for 
production  of  blue  tungsten  oxide  (BTO)  which  is 
used  for  manufacture  of  cemented  carbides  and  non¬ 
sagging  tungsten  filament.  APT  of  special  purity  is 
obtained  using  a  complex  flow-sheet;  direct  re¬ 
crystallization  is  not  applied  due  to  the  low  solubility 
of  APT  in  water  or  aqueous  ammonia  solution. 
Optimization  of  the  dissolution  conditions  and 
preliminary  low-temperature  calcination  made  it 
possible  to  apply  a  simple  process  flow-sheet  for 
production  of  APT  of  higher  purity  with  a  total 
impurities  content  of  not  more  than  0.007%. 

An  analysis  of  the  data  available  in  the  literature 
indicates,  that  BTO  produced  commercially  has  a 
complex  chemical  and  phase  composition.  It  depends 
on  the  application  for  BTO  and  is  attributable  to  the 
method  used  for  its  manufacture.  BTO  properties  and 
methods  for  its  production  have  been  studied  using 
apparatus  of  different  types. 

In  the  process  of  wolframite  opening-up,  iron, 
manganese,  tantalum,  niobium,  and  scandium 
remain  in  the  waste  cakes  and  can  be  potentially 
extracted.  These  residues  constitute  a  technogenic 
resource  with  concentrations  of  valuable  constituents 
higher  than  in  natural  mineral  deposits.  A  process 
has  been  investigated  and  proposed  for  commercial 
use  to  produce  high-grade  manganese-containing 
concentrate  suitable  for  production  of  ferroalloys, 
chemical  compounds  for  various  applications  and 
chemical  electric  power  sources. 


TECHNOLOGY  AND  EQUIPMENT  FOR 
CONTINUOUS  HYDROTHERMAL 
PRECIPITATION  OF  MOLYBDENUM 
TRIOXIDE  FROM  SALT  SOLUTIONS 

A.T.  Shoinbayev,  G.A.  Trushin,  A.D.  Dadabayev 

Institute  of  Metallurgy  and  Mineral  Benefication, 
(National  Center  on  Complex  Processing  of  Mineral 
Raw  Materials  of  Kazakhstan  Republic)  Almaty 


Basically  new  technology  for  precipitation  of 
molybdenum  trioxide  under  hydrothermal  conditions 
from  leach  solutions  has  been  developed  and  is 
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offered  for  implementation  by  the  Institute  of 
Metallurgy  and  Mineral  Benefication.  This 
technology  makes  it  possible  without  any  radical 
changes  in  the  existing  molybdenum  production 
circuits,  to  ensure  within  a  reasonably  short  time 
production  of  high-quality  molybdenum  products. 


INVESTIGATION  OF  PROCESSES  FOR 
INTEGRATED  TREATMENT  OF  REFRACTORY 
METALS  CONCENTRATES  AND  WASTES 

V.A.  Krasilnikov,  G.G.  Andreev,  F.A.  Voroshilov, 
T.I.  Guzeeva,  A.S.  Levshanov, 

Yu.F.  Kobzar*,  A.N.  Kachaev*,  V.P.  Shedikov*, 
T.S.  Zaitseva*,  V.P.  Stolbov* 

Tomsk  Polytechnic  University,  Tomsk 
*Siberian  Chemical  Plant,  Seversk 

The  use  of  refractory  metals:  tungsten,  rhenium, 
molybdenum  and  their  alloys  in  nuclear  and  rocket 
technology,  electronics,  chemical  industry  and  other 
sectors  of  science  and  technology  requires  efforts  to 
improve  the  processes  used  for  their  production, 
extend  the  range  of  products  and  reduce  the  costs.  In 
this  connection  it  is  essential  to  process  waste 
materials  containing  refractory  metals. 

One  of  the  possible  routes  for  improving  the 
technology  for  rhenium  production  is  the  use  of 
gaseous  fluoride  flow-sheet  for  treating  metallic 
waste  and  concentrates  of  rhenium,  tungsten  and 
molybdenum. 


RESOURCE-SAVING  TECHNOLOGY  FOR 
PRODUCTION  OF  TUNGSTEN  COMPOUNDS 

G.V.  Veryovkin 

J.-S.C.  “West  Siberian  Company”,  Novosibirsk 

The  conventional  modern  technologies  for 
production  of  tungsten  compounds  entail  high 
reagent  requirements  and  generate  large  amounts  of 
environmentally  hazardous  salt  effluents. 

In  cooperation  with  a  number  of  institutes  of  the 
Academy  of  Sciences  and  specialized  institutions  for 
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applied  research,  we  have  developed  over  the  past  15 
years  a  concept  based  on  solvent-extraction  (or  solid 
resin  sorption)  for  concentration  of  tungsten  directly 
from  filtered  liquors  without  neutralization  of 
excessive  soda  or  alkali.  In  the  recent  years,  the 
development  of  this  closed-cycle  technological 
process  has  been  completed. 

The  studies  carried  out  over  a  few  past  years  on  the 
macrokinetics  of  the  process  have  indicated  that 
despite  the  low  exchange  capacity  of  the  extractants 
used  for  tungsten  concentration,  the  parameters  of 
mass  transfer  exceed  those  of  the  processes 
commonly  used  for  tungsten  compounds  production. 
This  permits  an  almost  twofold  reduction  in  the 
volume  of  the  technological  equipment  used. 

TECHNOLOGY  FOR  PROCESSING 
TUNGSTEN-CONTAINING  WASTES 

V.A.  Krasilnikov,  G.G.  Andreev,  F.A.  Voroshilov, 
T.I.Guzeeva,  A.S.Levshanov, 
Yu.F.Kobzar*,  T.S.Zaitseva*, 
A.K.Ledovskih*,  A.N.Kachaev*,  V.P.Shedikov*, 
E.O.Portnyagina* 

Tomsk  Polytechnic  University,  Tomsk. 
^Siberian  Chemical  Plant,  Seversk 

The  main  purpose  of  this  study  was  to  investigate  the 
process  for  treating  tungsten-containing  wastes  and 
produce  metallic  tungsten  in  the  form  of  powder, 
tungsten  coatings  or  compact  components. 

A  comparison  of  traditional  methods  used  for 
processing  tungsten-containing  wastes  with  the 
proposed  process  for  fluoride  treatment  indicates, 
that  the  latter  has  obvious  advantages. 

RESOURCE  CONSERVATION  IN  THE 
PROCESS  OF  HYDROMETALLURGICAL 
TREATMENT  OF  TUNGSTEN  PRODUCTS 

L.I.  Klyachko,  V.N.  Glushkov,  V.K.  Rumyantsev 

All-Russian  Scientific  Research  and  Design  Institute 
of  Refractory  Metals  and  Hard  Alloys,  Moscow 

Production  of  tungsten  and  tungsten-containing 
alloys  is  based  on  the  use  of  tungsten  compounds  as 
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raw  materials  and  their  purity  determines  to  a  very 
considerable  extent  the  quality  of  final  products. 

Most  substantial  removal  of  impurities  contained  in 
tungsten  ores  is  accomplished  in  the  process  of 
hydrometallurgical  treatment  of  tungsten 
concentrates. 

This  report  considers  issues  related  to  opening-up  of 
tungsten  concentrates  to  obtain  a  soluble  tungsten 
compound,  i.e.,  sodium  tungstate,  and  new  methods 
for  processing  its  solutions  using  ion-exchange 
technique.  An  essential  factor  is  optimal  processing 
of  tungsten-containing  waste  materials.  Some  other 
methods  have  been  also  discussed. 

A  third  very  important  process  for  production  of 
tungsten  compounds  is  treatment  of  effluents 
generated  as  a  result  of  hydrometallurgical  processes. 
The  report  considers  most  recent  processes  for 
recovery  of  tungsten  and  a  number  of  chemical 
compounds  from  waste  waters. 

Methods  ensuring  saving  of  tungsten  resources, 
reagents,  and  capital  costs  discussed  in  this  paper 
have  already  found  practical  application  in  the 
industry. 


INTRODUCTION  OF  ION-EXCHANGE 
TECHNOLOGY  FOR  PURIFICATION  OF 
AMMONIUM  TUNGSTATE  SOLUTIONS  TO 
REMOVE  MOLYBDENUM 

E.A.  Pirmatov,  A.A.  Blokhin 
Uzbek  Refractory  and  Heat-resistant  Metals  Plant 

The  content  of  molybdenum  impurity  in  tungsten 
wire  for  manufacture  of  common  incandescent  lamps 
and  halogen  lamps  should  not  exceed  0.03%  and 
0.005%  by  weight,  respectively. 

A  series  of  studies  has  been  carried  out  to  investigate 
removal  of  impurities,  including  molybdenum,  from 
ammonium  tungstate  solutions  resulted  in  selection 
of  an  ion-exchange  technology  comprising  the 
following  major  steps: 

•  treatment  of  the  solution  with  measured 
quantities  of  ammonium  sulfide  to  convert 
molybdenum  into  a  thiocomplex  [M0S4]2-; 
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•  passing  the  solution  through  a  column  with 
strongly  anionic  resin  for  selective  sorption  of 
molybdenum; 

•  evaporation  of  purified  solution  and 
crystallization  of  ammonium  paratungstate; 

•  regeneration  of  the  anion-exchange  resin  by 
treating  it  with  oxidant  solution. 

As  a  sorbent,  anion-exchange  resin  of  VP-lAp  grade 
was  selected;  it  is  similar  with  respect  to  its  capacity 
to  other  strongly  anionic  resins  (AM,  AM-p),  but  it  is 
easier  to  regenerate  and  has  better  chemical  stability 
under  operating  conditions  in  sorption-regeneration 
cycles.  Nitric  acid  solution  is  used  as  oxidant. 
Introduction  of  this  development  has  permitted  the 
Plant  to  produce  high-purity  tungsten  products  and 
keep  within  the  specified  molybdenum  impurity 
content. 


PREPARATION  OF  SCHEELITE 
CONCENTRATE  PRIOR  TO 
HYDROMETALLURGICAL  PROCESSING 
TO  IMPROVE  TUNGSTEN  RECOVERY 

E.A.  Pirmatov 

Uzbek  Refractory  and  Heat-resistant  Metals  Plant 

Residual  flotation  reagents  in  scheelite  concentrate 
are  not  decomposed  during  autoclave  soda  leaching 
and  result  in  flotation  of  tungsten  into  froth  product 
formed  by  emission  of  CO2  and  steam.  As  a  result, 
the  degree  of  tungsten  transfer  into  sodium  tungstate 
solution  decreases,  i.e.,  the  recovery  of  the  valuable 
constituent  is  reduced. 

In  order  to  remove  the  residual  flotation  reagents, 
liquid  glass,  carbonate  and  sulfide  impurities  from 
scheelite  concentrate,  a  process  has  been  developed 
and  introduced  for  preparation  of  concentrates  for 
subsequent  treatment.  This  process  comprises: 

•  calcination  in  rotary  kilns  at  400-420°C; 

•  washing  with  mineral  acids  (25-30  g/1  nitric  acid 
solution). 

As  a  result  of  the  implementation  of  this  process,  the 
tungsten  content  of  the  waste  cakes  has  been  reduced 
to  0.8-0.9%,  while  the  tungsten  transfer  into  the 
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solution  improved  by  1. 5-2.0%.  At  the  same  time,  the 
content  of  tungsten  oxide  in  the  treated  concentrate 
increased  to  72%  (instead  of  common  60-65%). 


INTEGRATED  UTILIZATION  OF  INDUSTRIAL 
EFFLUENTS  FROM  HYDROMETALLURGICAL 
FACILITIES  FOR  TUNGSTEN  AND 
MOLYBDENUM  PRODUCTION 

E.A.  Pirmatov 

Uzbek  Refractory  and  Heat-resistant  Metals  Plant 

The  composition  of  effluents  from 
hydrometallurgical  facilities  for  molybdenum  and 
tungsten  production  has  been  investigated.  They 
contain  mainly  sodium  nitrate,  ammonium  nitrate, 
sodium  sulfate,  and  ammonium  sulfate.  Metal 
impurities  include  tungsten,  molybdenum,  rhenium, 
and  rather  considerable  amounts  of  copper  and  iron. 
Processes  available  currently  for  removal  of  copper 
and  iron  ensure  virtually  complete  removal  of  these 
impurities.  Soda  ash  and  technical-grade  sodium 
nitrate  are  produced  from  effluents  contaminated 
with  sodium  nitrate;  at  present  those  products  are 
imported  to  the  Republic  of  Uzbekistan.  The 
remaining  effluents  are  evaporated  to  dryness  leaving 
a  mixture  of  salts  consisting  of  sodium  and 
sulfoammonia  nitrates,  sodium  and  ammonium 
sulfates,  and  suitable  for  the  use  as  complex  fertilizer 
enriched  in  microelements. 


USE  OF  SURFACE-ACTIVE  AGENTS 
IN  HYDROMETALLURGY  OF 
TUNGSTEN 

E.A.  Pirmatov,  B.D.Dyusebekov 
Uzbek  Refractory  and  Heat-resistant  Metals  Plant 


New  technology  has  been  developed  and  introduced 
commercially  for  the  use  of  surface-active  agents  in 
the  process  of  silicon  removal  from  tungstate 
solutions. 
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The  effect  of  temperature,  concentrations  of 
surfactants,  mineral  acids,  and  their  ammonium  salts 
on  silicon  precipitation  has  been  studied  in  the 
process  of  neutralization  of  soda  solutions  of 
tungstates.  Optimum  process  conditions  have  been 
established. 

The  proposed  technology  has  been  introduced  on  full 
scale  in  the  No.4  Department  of  the  Uzbek 
Refractory  and  Heat-resistant  Metals  Plant  and 
ensured  a  substantial  reduction  in  the  losses  of 
tungsten  incurred  in  the  hydrolytic  tungstate  solution 
purification  process  for  silicon  removal  due  to 
incomplete  precipitation,  inadequate  filtration  and 
entrainment  of  the  valuable  constituent  with  silicic 
acid.  The  silicon  removal  efficiency  has  been 
improved  and  the  residual  silicon  content  of  metallic 
tungsten  does  not  currently  exceed  0.003%  by 
weight. 


RAPID  DETERMINATION  OF  MOLYBDENUM 
IN  PROCESS  SOLUTIONS  BY  DERIVATIVE 
SPECTROPHOTOMETRY 

Yu.V.  Demin 

Vernadsky  Institute  for  Geochemistry  and  Analytical 
Chemistry,  Russian  Academy  of  Sciences 

It  has  been  found  that  the  method  of  first-order 
derivative  permits  a  significant  improvement  of  the 
selectivity  of  Mo  determination  in  the  presence  of  Nb 
and  V  (without  their  preliminary  separation)  in 
sulfuric  acid  medium  in  the  presence  of  hydrogen 
peroxide  and  sulfonitrazo. 

A  rapid  (8-10  min),  highly  sensitive  (up  to  1  mg/1  Mo) 
and  selective  method  has  been  developed  for 
determination  of  Mo  in  process  solutions  (Mo  can  be 
determined  in  the  presence  of  1000-fold  amounts  of 
Nb,  fluoride  ions  and  other  elements,  30-fold 
amounts  of  V,  etc.).  The  said  method  has  a  high 
reproducibility:  Sr  =  0.16  for  3.1  mg/1  Mo. 
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RAPID  ANALYSIS  OF  NATURAL  AND 
TECHNOLOGICAL  MATERIALS  FOR 
RHENIUM  CONTENT 

L.V.  Borisova,  Yu. V.  Demin,  O.D.  Bozhkov* 

Vernadsky  Institute  for  Geochemistry  and  Analytical 
Chemistry,  Russian  Academy  of  Sciences 
*Institute  of  General  and  Inorganic  Chemistry, 
Bulgarian  Academy  of  Sciences 

A  series  of  direct  kinetic  methods  using  photometric 
or  visual  indication  and  based  on  redox  reactions  of 
organic  reagents  catalyzed  by  rhenium  have  been 
developed  for  analytical  testing  of  materials  for  their 
rhenium  content  in  reactive  media  obtained  after 
decomposition  of  such  materials. 

Highly  sensitive  and  selective  methods  have  been 
developed  on  the  basis  of  redox  reactions  of 
diphenylamine  in  a  mixture  of  concentrated  H2SO4 
and  HC1,  sulfonitrazo-P  in  a  mixture  of  H2SO4  and 
HNO3,  dimethyl-dithiooxamide  in  concentrated 
NaOH  in  the  presence  of  oxidants.  The  methods  are 
not  inferior  to  AES-ICP  and  mass-spectral  methods 
with  respect  to  their  sensitivity,  but  they  are  more 
economic  (they  do  not  require  expensive  equipment), 
ensure  rapid  analysis  (15-20  min)  and  do  not  need 
any  pre-concentration  and  separation  of  Re  from  the 
matrix.  The  said  methods  have  been  successfully 
applied  for  routine  analysis  of  process  solutions  and 
products  of  volcanic  activity  (Kuril  Islands)  under 
both  stationary  and  field  conditions. 


BASIC  CONDITIONS  FOR  IMPROVEMENT  OF 
HYDROMETALLURGICAL  PROCESSES  FOR 
TREATING  MOLYBDENUM-CONTAINING 
RAW  MATERIALS 

A.E.Vorobyev,  V.V.Khabirov* 

Moscow  State  Mining  University 
*National  Academy  of  Sciences  of  Kyrgystan 


It  has  been  demonstrated  that  improvement  of 
processes  used  for  opening-up  of  molybdenum- 
containing  raw  materials  by  hydrometallurgical 
techniques  should  be  based  on  inhibition  of 
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accompanying  reactions  and  enhancing  the  feed 
reagents  and  interacting  media. 

It  has  been  shown  that  in  the  process  of  opening-up 
of  molybdenum-rhenium  sulfide  raw  materials  by 
nitric  acid,  a  number  of  secondary  deleterious 
processes  takes  place  which  impair  recoveries  of 
molybdenum  and  rhenium  and  result  in  generating 
substantial  amounts  of  waste  cakes  containing  as 
much  as  1 ,0-3,5%  Mo  and  0,01%  Re. 

An  inhibition  method  has  been  developed  and 
introduced  on  a  commercial  scale  for  chemical  and 
thermal  treatment  of  ores  with  concentrated  sulfuric 
acid,  under  normal  pressure  at  temperatures  within 
120-160°C.  This  method  makes  it  possible  to 
eliminate  any  adverse  effects  of  diffusive  nature, 
ensures  destruction  of  organic  impurities,  prevents 
formation  of  elemental  sulfur  and  polymolibdates, 
and  eliminates  shielding  of  valuable  constituents  by 
gangue  minerals,  ensuring  thereby  high  recoveries  of 
valuable  metals  at  subsequent  processing  stages. 


THE  DEVELOPMENT  OF  A  UNIFIED  METHOD 
FOR  RHENIUM  IDENTIFICATION  IN 
MULTICOMPONENT  OXIDE  COMPOSITIONS 

D.V.  Drobot,  A.V.  Beliaev,  V.A.  Koutvitsky, 

A.P.  Rysev 

Lomonosov  Moscow  State  Academy  of  Fine 
Chemical  Technology. 

The  report  is  devoted  to  development  of  an  effective 
method  for  synthesis  of  glassy  rhenium-  containing 
reference  samples  for  X-ray  fluorescent  analysis  on 
the  basis  of  bismuth  and  boron  oxides.  The 
technique  proposed  is  based  on  the  introduction  of 
rhenium  as  a  low-volatile  oxide  (rhenium  (IV)  oxide) 
in  these  samples.  The  preliminary  data  on  the  atomic 
emission  spectroscopy  with  ICP  study  of  M0O3- 
ReCb  mixtures  provide  some  evidence  for  the 
correctness  of  the  idea.  The  concentration  of  BhCb  is 
70  wt.%.  The  thermal  processing  was  carried  out  in  a 
wide  range  of  temperature  (400°C-1050°C).  The 
optimum  conditions  for  the  synthesis  of  these  glass 
samples  with  different  ReC>2  content  (from  0.1  to  3 
wt.%)  are  found  to  be  as  follows.  At  first,  the  solid 
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solution  of  Bi  and  Re  oxides  is  obtained  at  750°C  in 
3  h  in  order  to  decrease  the  temperature  at  which  the 
vitrifying  mixture  melts,  then  it  is  melted  with  B2O3 
at  800°C  in  1  h.  The  glasses  obtained  were 
investigated  by  X-ray  fluorescent  analysis  and  by 
absorption  spectroscopy  following  the  rhodanate 
technique.  A  buffer  effect  of  B2O3  in  the  presence  of 
concentrated  HC1  was  established.  The  results 
obtained  allow  rhenium  to  be  detected  in  oxide 
mixtures  within  a  range  of  rhenium  content  of  0.01  to 
10  wt.  %  at  Sr  =0.03. 


SECTION  in 


ALLOYS  AND  THEIR  APPLICATIONS 


CHEMISTRY  OF  POWDER  METALLURGICAL 
PRODUCTION  OF  NON  SAG  TUNGSTEN 
FILAMENT 


H.-J.Lunk 

OSRAM  SYL VANIA  Products  Inc.,  Towanda, 

Pa  18848,  USA 

The  manufacture  of  incandescent  lamps  can  be 
described  as  the  first  high  technology  industry. 
Despite  progress  with  other  light  sources  with  much 
higher  light  yield,  very  large  numbers  of  incandescent 
lamps  are  in  use,  and  for  some  applications  there  is 
still  no  viable  alternative. 

All  over  the  world  the  P/M  manufacturing  of 
tungsten  wire  for  incandescent  lamps  starts  from 
“tungsten  blue  oxide”  (TBO),  industrially  produced 
by  calcination  of  ammonium  paratungstate 
tetrahydrate  (APT4H2O),  (NH4)io[H2Wi2042]-4H20, 
in  hydrogen.  TBO  does  not  represent  a  well-defined 
compound,  but  it  is  only  the  designation  of  a  blue- 
colored  product  with  the  overall  composition 
xNH3-yH20  W0n,  where  n<3.  Besides  crystalline 
compounds  (WO3,  hexagonal  tungsten  bronze  phase, 
W20O58,  W18O48,  WO2)  TBO  may  contain  up  to  50% 
of  amorphous  phases. 
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Chemical,  quantitative  X-ray  powder  diffraction  and 
NHl  /  K +  exchange  analyses,  and  also  high- 
resolution  1H  NMR  investigation  give  a  complete 
and  consistent  characterization  of  different  TBOs. 
Only  TBOs  with  a  certain  content  of  hexagonal 
ammonium  tungsten  bronze,  h-(NH4)(W03)(o,33>, 

reveal  the  incorporation  of  K+  via  an  ion  exchange 
mechanism  during  the  doping  process. 

The  “doping”  of  TBO  is  done  with  aqueous  solutions 
containing  potassium,  silicon  and  aluminum  with  a 
total  concentration  of  about  5000  ppm  and  leads  to 
the  outstanding  high-temperature  creep  resistance  of 
the  so-called  NS  (non  sag)  -  tungsten  wire.  Doped 
tungsten  wire  is  unique  in  that  it  is  a  composite 
between  two  non-alloyable  elements,  tungsten  and 
potassium.  The  creep  resistance  is  due  to  a  minute 
concentration  of  potassium  of  about  70  ppm 
distributed  in  tungsten  wire  as  longitudinal  rows  of 
liquid  or  gaseous  bubbles.  Silicon  and  aluminum 
serve  exclusively  as  “helpers”  during  the  reduction 
and  sintering  stages. 


PRINCIPLES  OF  RHENIUM  ALLOYS 
DEVELOPMENT 

K.B.  Povarova,  M.A.  Tylkina 

A.A.  Baikov  Institute  of  Metallurgy, 

Russian  Academy  of  Sciences 

The  procedures  used  for  development  of  rhenium- 
base  and  rhenium-containing  alloys  are  based  on 
phase  diagrams,  composition-properties  diagrams 
and  special  features  related  to  the  effect  of  thermal 
plastic  treatment  on  the  structure  and  properties  of 
alloys.  Studies  of  two-  and  multi-component  phase 
diagrams  of  rhenium-containing  alloys  made  it 
possible  to  identify  regions  of  homogeneity  of  solid 
solutions,  where  rhenium  acts  as  a  basis  or  an 
alloying  component,  as  well  as  homogeneity  regions 
of  intermetallic  compounds,  and  temperatures  of 
phase  transitions.  These  data  enabled  the  researchers 
to  establish  specific  regularities  in  physical  and 
chemical  interaction  of  rhenium  with  other  elements 
of  the  Periodic  table  and  identify  compositions, 
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which  have  good  prospects  for  development  of 
structural  alloys  and/or  alloys  with  special  physical, 
chemical  and  service  properties. 


RHENIUM  IN  HEAT-RESISTANT  NICKEL 
ALLOYS  FOR  GAS  TURBINE  BLADES 

E.N.  Kablov,  N.V.  Petrushin,  N.G.  Orekhov, 
G.M.  Glezer 

RF  State  Research  Center,  All-Russian  Scientific 
Research  Institute 
of  Aircraft  Materials,  Moscow 

The  basic  principles  of  alloying  of  heat-resistant 
rhenium-containing  nickel  alloys  (polycrystalline 
alloys  with  columnar  structure  and  single  crystals,  as 
well  as  eutectic  composites)  are  discussed,  including 
selection  of  chemical  composition  of  perspective 
alloys  and  formation  of  pre-determined  structure.  It 
has  been  demonstrated  that  it  is  necessary  to  apply 
analytical  methods  and  computer-aided  designing  for 
development  of  heat-resistant  materials,  saving 
thereby  the  experimental  efforts,  reducing  the  time 
required  for  development  and  substantially 
improving  the  efficiency  of  the  development. 


STRUCTURAL  MATERIALS  BASED  ON 
SINGLE  CRYSTALS  OF  MOLYBDENUM, 
TUNGSTEN  AND  NIOBIUM 

A. A.  Yastrebkov 

Scientific  and  Industrial  Association  “Luch”, 
Podolsk,  Moscow  Region 

Structural  materials  have  been  developed  on  the  basis 
of  single  crystals  of  refractory  metals  (molybdenum, 
tungsten,  and  niobium)  in  the  “Luch”  Association. 
Due  to  the  lack  of  boundaries  between  grains,  single 
crystals  provide  a  number  of  advantages  as  compared 
with  traditional  refractory  metals  with  polycrystalline 
structure. 

The  manufacturing  facilities  available  in  the  “Luch” 
Association  make  it  possible  to  grow  single  crystals 
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in  the  form  of  rods,  tubes,  plates,  sheet,  foil,  and 
multilayered  products.  A  technology  has  been 
developed  for  electron-beam  welding  of  single 
crystals  without  disturbing  the  single  crystal 
structure. 

The  refractory  single  crystal  alloys  developed  in  the 
“Luch”  Association  can  successfully  compete  with 
respect  to  the  their  creep  resistance  at  temperatures 
below  or  equal  to  the  melting  point  with  any  class  of 
polycrystalline  materials.  The  set  of  technological 
techniques,  developed  in  the  “Luch”  Association 
enables  manufacture  of  single-crystal  products  with 
various  pre-determined  geometric  shapes,  sizes  with 
preset  accuracy,  and  surface  finish.  They  include 
electrodes  for  thermoemission  energy  converters, 
powerful  X-ray  tubes,  components  for  high- 
temperature  devices  of  various  types. 


REFRACTORY  POWDER  MATERIALS  FOR 
HIGH-TEMPERATURE  TECHNOLOGY 

I.O.  Yershova,  Yu.V.  Manegin 

Institute  of  Powder  Metallurgy,  State  Research 
Center  I.P.  Bardin  Institute  of  Iron  and  Steel 
Metallurgy,  Moscow 

Dispersion-strengthened  Mo,  Mo-W,  W  alloys  and 
pseudoalloys  have  been  developed  for  high  operating 
temperatures  (2000-3000°C).  Wrought  semi-final 
products  of  these  alloys  ensure  high  strength  (a B  = 
650-1000  MPa),  ductility  of  up  to  6=25%  at  20°C, 
aB  =40-1 10  MPa  at  1800°C.  Sintered  semifinal 
products  made  of  pseudoalloys  with  elevated  erosion- 
resistance  have  mechanical  properties  at  a  level  of 
aB  =392-450  MPa,  5>2%  at  20°C,  aB  =22-70  MPa 
at  1800°C.  High-stregth  and  wear-resistant  Mo-MeO 
cermets  (HB  =3000  Mpa,  acB  =1200  MPa)  possess 
chemical  inertness  with  respect  to  molten  Fe  and  Ni. 
Nonmagnetic  "heavy  alloys"  of  W-MeO  system  with 
a  density  of  15-16  g/cm3  and  low  temperature 
coefficient  of  linear  expansion  (3.3-4.0  x  10  6  K1) 
have  high  hardness  (HB=2800  MPa)  and  strength 
(<Tfi  =  1200  MPa). 
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DEVELOPMENT  OF  HIGH-TEMPERATURE 
(1800-1900°C)  MOLYBDENUM  HEATERS  WITH 
PROTECTIVE  COATINGS 

Yu.A.  Vasanov,  G.M.  Voronin*,  A.I.  Yeremina**, 
V.V.  Konokotin***,  A.V.Kuznetsov***, 
E.V.Sivakova*** 

Central  Aerohydrodynamic  Institute,  Zhukovsky, 
Moscow  Region 

*RF  State  Research  Center,  All-Russian  Scientific 
Research  Institute  of  Aircraft  Materials,  Moscow 
**Scientific  and  Industrial  Association  “Molnia”, 
Moscow 

***State  Scientific  Research  Institute  of  Graphite, 
Moscow 

Taking  into  account  the  current  situation  with 
respect  to  high-temperature  heaters,  it  has  been 
proposed  to  focus  research  on  improvement  of 
protective  properties  of  coatings  on  heaters  made  of 
molybdenum-base  alloys. 

Effective  use  of  such  heaters  has  been  demonstrated 
in  the  process  of  testing  high-temperature  (up  to 
1600°C)  structural  elements  of  OK  “Buran” 
spacecraft. 

Description  of  an  experimental  thermovacuum  unit 
with  variable  air  pressure  (10  3  +  760  mm  Hg  col.) 
and  a  unique  large-size  molybdenum  heater  (900mm 
x  900mm  in  plan)  of  tubular  type  with  antioxidation 
protective  coating  has  been  provided. 

Potential  applications  for  such  heaters  in  civil 
industry  are  discussed. 

MOLYBDENUM-BASE  ALLOYS  WITH  AND 
WITHOUT  COATING,  THEIR  APPLICATIONS 
AND  DEVELOPMENT  PROSPECTS 

G.M.  Voronin,  E.V.  Sivakova 

RF  State  Research  Center,  All-Russian  Scientific 
Research  Institute  of  Aircraft  Materials,  Moscow 

Starting  from  the  1950s,  research  and  development  of 
molybdenum  and  its  alloys  have  been  conducted  in 
the  VIAM  Institute.  The  following  alloys  have  been 
developed:  VM-1,  VM-1A,  VM-2,  VM-3,  VM-3P, 
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VM-4,  VM-5,  VM-6,  etc.  complying  with  the 
requirements  set  primarily  for  aircraft,  spacecraft  and 
other  fields  of  industry.  Manufacturing  processes 
have  been  developed  and  adapted:  melting, 
deformation,  mechanical  treatment,  welding  and 
brazing,  heat  treatment,  etc.  Coatings  for  various 
applications  and  multifunctional  coatings  (>25),  as 
well  as  processes  for  coating  application  have  been 
developed  to  ensure  durability  of  components  at 
temperatures  up  to  2000°C  and  above  in  oxidizing 
and  other  environments. 


PRINCIPLES  OF  TUNGSTEN-BASE  ALLOYS 
DEVELOPMENT 

K.B.  Povarova 

A.A.  Baikov  Institute  of  Metallurgy  (IMET), 
Russian  Academy  of  Sciences 

Development  of  tungsten  alloys  is  based  on  the 
concept,  which  can  be  defined  as  "composition- 
structure-property".  Some  specific  feature  of 
tungsten,  i.e.,  the  highest  melting  point  and  its 
tendency  to  cold  shortness,  impose  limitations  on 
selection  of  alloying  elements  and  phases:  they  should 
not  too  significantly  reduce  the  melting  point  and  not 
increase  too  much  the  rate  of  diffusion  process 
development;  furthermore,  the  elements  and  phases 
used  for  strengthening  of  an  alloy  should  not  result  in 
a  catastrophic  decrease  in  ductility. 


HIGH-PURITY  SINGLE  CRYSTALS  OF 
TUNGSTEN  AND  MOLYBDENUM 

G.S.  Burkhanov 

A.A.  Baikov  Institute  of  Metallurgy  (IMET), 
Russian  Academy  of  Sciences 

In  the  history  of  science,  there  always  have  been  a 
tendency  to  improve  the  purity  of  compounds  used. 
As  a  result  of  many  years  of  research,  a  scientific 
discipline  has  evolved,  i.e.,  chemistry  of  high-purity 
compounds,  which  incorporates  as  its  integral  part 
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production,  analysis  and  investigation  of  properties 
of  metals  with  low  concentrations  of  impurities  and 
crystallographic  defects. 

Metals  of  different  groups  have  their  specific 
properties  which  impose  a  decisive  effect  on  selection 
of  techniques  for  their  production,  thorough 
purification,  analysis,  single  crystal  growth.  The 
present  report  deals  with  these  issues  using  as  an 
example  single  crystals  of  tungsten  and  molybdenum; 
it  also  discusses  methods  for  separation  and  thorough 
purification,  growth  of  single  crystals  from  liquid 
phase,  and  formation  of  single-crystal  structure 
throughout  the  volume  of  solid  phase. 

Special  attention  is  given  to  zone-refining  and  use  of 
plasma  heating  for  growing  single  crystals  of 
tungsten  and  molybdenum. 

Examples  are  provided  to  illustrate  applications  of 
high-purity  single  crystals  of  tungsten  and 
molybdenum  in  science  and  technology. 


RHENIUM  CATALYSTS  IN  REFORMING  AND 
METATHESIS  PROCESSES:  OUTLOOKS  FOR 
THEIR  APPLICATION 

M.A.  Ryashentseva 

N.D.  Zelinsky  Institute  of  Organic  Chemistry, 
Russian  Academy  of  Sciences 

Effective  Pt,  Re/AhOi  catalysts  for  reforming  process 
account  for  only  30%  of  the  total  amount  of  catalysts 
used  worldwide  for  oil  refining  processes.  With  the 
aid  of  metathesis  process,  valuable  unsaturated 
alkenes  and  hard  to  reach  unsaturated  organic 
compounds  are  produced.  The  use  of  Re-containing 
catalysts  makes  it  possible  to  conduct  metathesis  or 
combined  metathesis  under  milder  conditions  than  in 
the  case  of  other  catalytic  systems.  Rhenium  catalysts 
show  higher  activity  than  conventional  oxide 
catalysts,  in  reactions  of  hydrogenation  of  oxygen- 
containing  compounds:  carbonic  acids,  aldehydes, 
esters  of  fatty  acids,  and  other  products  of  main 
organic  synthesis.  Rheniecene  hydride,  rhenium 
pentacarbonyl,  rhenium  oxides  and  rhenium 
heptasulfide  are  efficient  catalysts  for  hydrogenation 
of  a  number  of  organic  compounds  and  condensed 
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N-containing  aromatic  molecuies-products  of  fine 
chemical  synthesis.  In  patents  of  recent  years,  a 
strong  emphasis  is  on  combined  Re-containing 
catalysts  on  different  carriers  for  hydrogenation  of 
various  organic  compounds  and  improving  of  well- 
known  catalysts  for  reforming  process. 


IMPROVEMENT  OF  TECHNOLOGY  AND 
OUTLOOKS  FOR  DEVELOPMENT  OF 
REFRACTORY  METALS  COMPONENTS 

I.G.  Roberov,  P.A.  Korchagin 

Moscow  Factory  for  Refractory  Metals  and  Hard 
Alloys 

An  analysis  of  the  situation  related  to  production  of 
a  wide  range  of  wrought  semi-final  and  final 
products  (rod,  wire,  strip,  foil,  pipes,  tubes,  etc.) 
made  of  molybdenum,  tungsten,  and  niobium  is 
presented  using  as  an  example  the  experimental 
factory  for  refractory  metals  and  hard  alloys 
(Moscow). 

Possibilities  for  improving  the  technological 
processes  for  manufacture  of  components  made  of 
refractory  metals  under  the  current  conditions  are 
discussed.  Technical  requirements  to  the  quality  of 
raw  materials  and  final  products  are  defined.  Major 
trends  and  outlooks  for  the  development  of  products 
made  of  molybdenum,  tungsten  and  niobium  for 
various  applications  are  considered. 


TECHNOLOGY  FOR  MANUFACTURE  OF 
COMPONENTS  USING  METALLIC  RHENIUM 

A. A.  Semin,  S.V.  Stepanov,  E.A.  Yudin,  V.S.  Shilkin 

Experimental  Chemical  and  Metallurgical  Plant  of 
Giredment,  Podolsk,  Moscow  Region 

Rhenium  powder  of  Re  0  and  Rel  grade  produced  at 
the  Plant  in  conformity  with  technical  specifications 
of  TU  48-19-92-80  is  used  for  the  following  purposes: 
•  Manufacture  of  vacuum-sintered  rhenium  blanks. 
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•  Manufacture  of  rhenium  rods  of  10-15  mm 
diameter  and  at  least  200  mm  long. 

•  Manufacture  of  rhenium  foil  to  TU  48-0533-062- 
91  with  width  40  mm,  thickness  30-40  (tk,  length 
up  to  60  mm. 

•  Manufacture  of  ingots  of  Re-Mo  alloy  to  TU  48- 
4-197-83  and  W-Re  alloy  to  TU  48-4-285-83 

Wire  is  manufactured  from  blanks  of  10-20  mm 
diameter  and  at  least  250  mm  long  by  crucibleless 
zone-melting. 

Flat  rolled  products  are  manufactured  from  ingots  of 
50-100  mm  diameter  and  at  least  100  mm  long. 

The  rhenium  content  varies  depending  on  the 
customer’s  requirement  from  0.1%  to  25%  in  W-Re 
alloys  and  from  0.1%  to  47%  in  Mo-Re  alloys. 

DEVELOPMENT  AND  INTRODUCTION  OF  AN 
INTEGRATED  TECHNOLOGY  FOR 
PRODUCTION  OF  TUNGSTEN  WIRE  FROM 
SCHEELITE  CONCENTRATE  (INCLUDING 
NEW  GENERATION  OF  WIRE-DRAWING 
EQUIPMENT) 

E.A.  Pirmatov,  V.V.  Goncharova,  V.V.  Khaidarov 
Uzbek  Refractory  and  Heat-resistant  Metals  Plant 

New  technology  developed  and  introduced  for 
hydrometallurgical  processing  of  scheelite 
concentrates  made  it  possible  to  produce  ammonium 
paratungstate  (APT)  with  an  impurities  content  not 
exceeding  0.05%  by  weight.  Such  chemical  purity  is 
the  basic  requirement  for  subsequent  APT  treatment 
to  produce  blanks  for  tungsten  wire  manufacture. 

The  common  technology  for  APT  production  for 
tungsten  wire  manufacture  implies  processing  of 
wolframite  concentrates  to  produce  purified  tungstic 
acid  with  subsequent  APT  separation. 

Production  of  own  blanks  for  wire  production  made 
it  possible  to  carry  out  research  and  development 
studies  aimed  at  elaborating  a  technology  for  the 
conditions  of  this  particular  Plant  for  manufacture  of 
different  wire  grades,  including  ultra-fine  wire  (as  fine 
as  14  pm).  On  the  basis  of  such  technology,  a  concept 
and  technical  specifications  were  developed  for 
manufacture  of  wire  -  drawing  equipment  of  new 
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generation  with  a  wide  range  of  possibilities  related 
to  the  control  of  thermoplastic  deformation  and 
annealing  operations. 

The  required  equipment  was  manufactured  by  SKET 
Company  (Chemnitz,  Germany)  and  was  installed  in 
the  No. 7  Department  in  1997  without  interrupting 
the  main  production  operations. 


NEW  TECHNOLOGIES  FOR  MANUFACTURE 
OF  PERSPECTIVE  REFRACTORY  TUNGSTEN- 
BASE  COMPOSITIONS 

A.F.  Puzryakov,  P.K.  Prokopenko,  I.P.  Sokolov 
State  Academy  of  Consumer  Services,  Moscow 

A  new  technology  for  application  of  high-quality 
coatings  of  metals  or  metal-base  compositions  is 
based  on  gas  thermal  method.  Its  principle  is  in  the 
use  of  thermal  energy  of  high-velocity  stream  of 
ionized  gas  produced  in  a  plasma  generator. 

This  method  permits  manufacture  of  coatings  0.1-10 
mm  thick  with  an  adhesion  strength  of  20-50  MPa. 
The  productivity  of  a  unit  which  is  available  in 
stationary,  mobile  or  portable  modifications,  is  5-7 
kg/hour. 

Possible  applications  of  the  new  technology  for 
manufacture  of  perspective  refractory  tungsten-base 
compositions  have  been  discussed. 


DETERMINATION  OF  RHENIUM  IN  ALLOYS 
BY  ELECTRON  PARAMAGNETIC  RESONANCE 
METHOD 

L.V.  Borisova,  Yu.N.  Dubrov 

Vernadsky  Institute  for  Geochemistry  and  Analytical 
Chemistry,  Russian  Academy  of  Sciences 

Rhenium  (VI)  compounds  have  specific  EPR  spectra, 
which  made  it  possible  to  develop  on  their  basis 
highly  selective  methods  for  quantitative 
determination  of  rhenium.  Optimum  conditions  have 
been  found  for  formation  of  rhenium  (VI)  complexes: 
oxochloride  ReOCb  (1),  oxobromide  ReOBn  (2)  and 
triodithiolate  Re  (TDT)3  (3).  Parameters  of  their 
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EPR  spectra  have  been  identified:  for  (1)  gn=2.011, 
gi=1.96,  Aii/cnv'-0.939,  Ai/cm-^0.915;  for  (2) 
gn=2. 173,  gi=  1 .770,  An/cm’-l.OH,  Ai/cnr1 =0.876; 
for  (3)  gi=2.044,  g2=2.0 16,  g3= 1 .999.  The  dependence 
of  the  EPR  signal  intensity  on  the  rhenium 
concentration  is  directly  proportionate  within  the 
interval  of  (0.5-5)- 103M  for  (1)  and  (2)  and  (0.1- 
10.0)10-4M  for  (3).  The  said  methods  have  high 
degree  of  selectivity  and  have  been  applied  for 
determination  of  rhenium  in  Mo-Re,  W-Re,  Re-W, 
and  Nb-Zr  alloys. 


THE  METHODS  OF  “SOFT  CHEMISTRY” 

IN  TECHNOLOGY  OF  PRODUCTION 
OF  MATERIALS  ON  THE  BASE  OF 
RHENIUM,  MOLIBDENUM  AND 
TUNGSTEN 

D.V.  Drobot,  G.A.Seisenbaeva,  V.G.Kessler* 

Lomonosov  Moscow  State  Academy  of  Fine 
Chemical  Technology 
■"Lomonosov  Moscow  State  University 

The  thermal  decomposition  of  the  Re402(0Me)i6(I), 
ReMo02(OMe)7(II),  Rei-*Wx02(OMe)i6  (III) 
(x<0,25)  and  Re203(acac)2  (IV)  in  air  at  temperatures 
below  400°C  leads  in  case  of  I.III  and  IV  to  oxide 
powders  where  fine  crystalline  particles  (the  size  in 
range  40-60  A°)  are  included  into  amorphous  matrix. 
In  case  of  II  a  mixture  of  ReCb  and  M0O3  phases 
obtained. 

In  inert  atmosphere  and  at  300-400°C  I  decomposes 
to  Re03  phase;  II  and  III  to  a  tetragonal  phase  with 
Rei-xMx02  composition  (M=Mo,  x<  0,5;  M=W, 
x<0,25).  IV  yieldes  spherical  particles  of  rhenium 
metal. 

The  reduction  of  I-III  in  hydrogen  atmosphere  leads 
to  formation  of  Re  or  Re-alloys  in  temperature 
range  300-400°C. 
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THE  POSSIBILITIES  OF  THE  HIGH 
TEMPERATURE  GALVANOMETRIC  METHOD 
OF  THE  PRODUCTION  OF  RHENIUM  AND 
MOLYBDENUM  ARTICLES 

O.N.Vinogradov-Zhabrov,  A.M.Molchanov, 
L.M.Minchenko,  M.F. Volkov,  G.A.Panov, 
V.A.Mezhuev,  G.G.Potaskaev,  V.I.Kalantyr, 
V.S.Kurskov 

The  Institute  of  High  Temperature  Electrochemistry 
of  Ural  Branch  of  Russian  Academy  of  Scienses, 
Ekaterinburg,  Machine-building  Plant,  Elektrostal 

Tjhe  technological  methods  and  principles  of  the 
production  of  the  articles  (including  the  articles  of 
the  complicated  formes)  were  developed  by 
electrolysis  of  salt  melts.  The  rhenium  foil  (thickness- 
5-100  mcm),  the  wire  (diameter- 100-200  mcm),  the 
equipment  for  the  growth  of  the  profile 
monocrystals,  the  rhenium  and  molybdenum  pipes 
and  crucibles  (diameter  <  150  mm  and  wall  thickness 
<  6  mm),  the  right-angled  cuvettes  150x100x50  mm 
were  prodused  and  tested  in  different  organizations. 
Due  to  the  controlling  structural  arameters  of 
deposited  layers  the  explocation  time  of  the  articles 
increases  considerably  while  the  promery  form  is 
constant,  and  there  is  an  opportunity  to  realise  at 
most  their  useful  qualities. 

The  electrochemical  methods  allow  to  obtain  the 
articles  of  high  prade  chemical  purity  utilising  the 
relatively  polluted  used  metals. 

TECHNOLOGICAL  ASPECTS  OF 
PRODUCTION  OF  FILMS,  ALLOYS, 
COMPOUNDS  AND  METALS  OF  THE  GROUP 
OF  TUNGSTEN,  RHENIUM,  AND 
MOLYBDENUM  FOR  MICROELECTRONICS 

N.Yu.Yusupov 

All-Russian  Research  and  Design  Institute  of 
Industrial  Technology,  Moscow 

Methods  for  production  of  films  of  tungsten, 
rhenium,  and  molybdenum,  as  well  as  their  alloys 
and  compounds  for  microelectronics  applications  are 
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discussed.  Special  attention  is  given  to  technological 
aspects  of  film  production  using  controlled  variable 
compositions  and  properties  over  the  substrate 
surface  due  to  local  impact  of  radiation  of  high- 
energy  particles  of  chemical  elements  or  photons. 


APPLICATION  OF  PLATINOID  COATINGS 
OVER  REFRACTORY  METALS  USING 
VOLATILE  FLUORIDES 

E.G.Rakov,  M.I.Nikitin 

D.M.Mendeleev  University  of  Chemica 
1  Technology,  Moscow 

The  existing  methods  for  modification  of  the 
refractory  metals  surface  by  coating  it  with  platinoids 
are  not  always  practicable. 

One  of  the  possible  techniques,  which  is  however  not 
investigated  to  a  sufficient  extent,  it  the  use  of 
exchange  reactions  using  volatile  compounds  of 
platinum  group  metals: 

nM(k)  +  mPnX„  (g)  — >  mPn  (k)  +  nMXm  (g), 
where  M  -  the  metal  to  be  coated,  Pn  -  a  platinoid, 
X  -  a  ligand. 

Basic  thermodynamic  parameters  have  been  selected. 
For  crystalline  RuF3,  RuF<t,  and  for  gaseous  RuFs, 
RuF«,  RU2F10,  RuaFis  it  is  recommended  to  have 
formation  enthaipy  at  O  K,  amounting  to  -561,7;  - 
750,8;  -821,2;  -1673,9  and  -2563,7  kJ/mole, 

respectively.  The  thermodynamic  parameters  of  the 
reaction  of  interest  have  been  calculated. 

Within  a  temperature  range  from  room  temperature 
to  500°C,  processes  of  interaction  of  powder  and 
compact  tungsten  and  molybdenum  with  ruthenium 
pentafluoride  have  been  investigated.  The  starting 
temperature  of  reactions,  as  well  as  the  composition 
of  volatile  and  solid  reaction  products  have  been 
determined.  It  has  been  demonstrated  by  what  means 
ruthenium  coating  can  be  applied  over  tungsten;  in 
the  case  of  molybdenum  this  process  is  impaired  due 
to  formation  of  lower  fluorides. 
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STUDY  AND  MODELLING  OF  INTERACTION 
OF  ELEMENTS  IN  LAMINATED  COMPOSITE 
MATERIALS  BASED  ON  HIGH-MELTING 
METALS 

E.M.Slyusarenko 

Department  of  Chemistry,  M.V.Lomonosov  Moscow 
State  University,  Moscow 

Processes  of  interaction  diffusion  in  laminated 
systems  on  the  basis  of  high-melting  metals  (Ti,  V, 
Nb,  Ta,  Cr,  Mo)  have  been  investigated.  The 
fundamentals  of  guantitative  description  of 
interaction  diffusion  processes  have  been  elaborated 
and  the  fundamental  parameters  of  theory  (partial 
coefficients  of  diffusion  of  components  in  the 
systems)  have  been  determined.  Virtual  model  of 
interaction  diffusion  processes  on  the  phase 
boundaries  of  laminated  composite  materials  has 
been  created  and  guantitative  calculations  of 
interaction  of  components  in  working  conditions 
were  realised. 

NANOCRYSTALLINE  HARDENING  OF  HARD 
ALLOYS  WC-Co  WITH  AMORPHOUS 
COATING  SiC 

A.N.Tchehovoy,  V.M.Bytchkov* 

Engineering  Center  REA  “Progressive 
Technologies”,  Moscow 

*Khrunichev  State  Research  &  Production  Space 
Center,  Moscow 

Cyclic  heat-stroke  and  new  “know-how”  are 
concerned  nanocrystalline  structure  in  serial  hard 
alloys  WC-Co  with  unique  combination  of  strength, 
ductility  and  density.  Amorphous  larger  SiC  have 
risen  abrasion  endurance. 

Regenerating  heat  treatment  fixes  the  new  as-har¬ 
dened  state  of  the  material  with  high  resistance  to 
operation  loading. 

Service  life  hard  alloys  instrument  of  new  generation 
with  nanocrystalling  structure  and  amorphous  layers 
SiC  is  1,5-2, 5  times  longer  as  compared  to  those  used 
now  (standard  SU=3882-74);  it  complies  with  the 
worlds  standards. 

Innovations  design  has  been  elaborated. 
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PRODUCTION  OF  POLY-  AND 
MONOCRYSTALLINE  TUNGSTEN  SAMPLES 
BY  ELECTROLYSIS  OF  MOLTEN  SALTS 

A.M.  Molchanov,  N.O.Esina,  O.N.Vinogradov- 
Zhabrov 

Institute  of  High-Temperature  Electrochemistry  of 
Ural  Branch  of  Russian  Academy  of  Sciences, 
Ekaterinburg 

The  investigations  of  growth  mechanism  of  poly-  and 
monocrystalline  tungsten  obtained  by  electrolysis  of 
molten  salts  are  carried  out  in  the  Institute  of  High- 
Temperature  Electrochemistry  of  Ural  Branch  of 
Russian  Academy  of  Science.  On  basis  of  these 
investigations  the  scientific  foundations  of 
technological  producing  of  poly-  and  monocrystalline 
of  different  forms  and  orientations  with  high  grade 
perfect  structures  (tubes,  crucibles,  boat  containers, 
foils)  were  developed.  Such  unique  properties  of 
monocrystalline  tungsten  as  high  plasticity,  low 
gassing,  stability  under  plasma  and  melts  of  alkaline 
metals,  thermal  and  irradiation  stability  and  also 
sharp  anisotropy  of  electron  output  work  make  them 
irreplaceable  for  the  thermoemission  transducer  of 
energy,  the  nuclear  energetics  and  the  rocket  technics, 
the  containers  to  obtain  the  pure  materials. 


INVESTIGATION  OF  THE  PHASE  EQUILIBRIA 
IN  THE  Ni-V-Nb-Ta-Cr-Mo-W  SYSTEM 
AT  1375  K 

E.M.Slyusarenko,  E.Ytf.Kerimov,  M.V.Sofin  and 
A.E.Chastuhin 

Department  of  Chemistry,  M.V.Lomonosov  Moscow 
State  University,  Moscow 

The  way  of  polyhedration  of  multicomponent  phase 
diagrams  is  offered  by  means  of  graphs,  which  allow 
to  formalize  and  systematize  the  phase  diagrams. 
Besides  this  way  makes  possible  to  prognosticate 
construction  of  the  multicomponent  systems  on  the 
base  of  more  simple.  The  polyhedration  of  the  system 
Ni-V-Nb-Ta-Cr-Mo-W  has  been  realized.  The 
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experimental  investigation  shows  that  multiphase 
equilibria  (where  number  of  phase  >  5)  don’t  exist  at 
1375  K  in  the  system.  All  phase  equilibria  (where 
number  of  phase  =  4  or  5)  in  the  Ni-V-Nb-Ta-Cr- 
Mo-W  system  at  1375  K  were  established. 
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